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INTRODUCTION  ... 

Statement  of  Problem 

The  investigation  recorded  in  this  paper  was  begun  in  the  fall 
of  1909  and  was  continued  through  the  academic  years  of  1909- 
191 1  and  the  summer  of  1910.  Publication  of  the  results  has 
been  unfortunately  delayed.  It  was  hoped  that  by  a  long  series 
of  tests  involving  a  careful  examination  of  the  voluntary  control 
processes  of  the  movement  of  the  ring  finger  in  both  vertical 
and  horizontal  planes,  and  by  a  careful  investigation  of  the  in- 
hibitory processes  of  the  other  fingers,  some  additional  light 
might  be  cast  both  upon  the  problem  of  voluntary  control  of 
movement  and  upon  the  nature  of  the  process  of  inhibition.  The 
problem  involved  the  determination  of  the  mental  antecedents 
of  the  movement,  the  mental  concomitants  which  controlled  it 
and  the  nature  of  the  psychical  processes  involved  in  inhibition. 
The  working  out  of  these  problems  raised  questions  as  to  the 
nature  of  automatic  action  and  imageless  thought. 

Previous  experimenters  have  studied  the  growth  of  control  in 
muscles  over  which  normally  we  have  little  or  no  mastery,  like 
the  muscles  of  the  external  ear;  or  the  methods  of  gaining  new 
dexterities  like  type-writing  with  muscles  over  which  we  have  a 
high  degree  of  control.  The  present  experiments  differentiate 
themselves  from  both  the  preceding  cases  in  dealing  with  the 
isolation  of  control  over  special  muscles  in  a  group  which  ordi- 
narily contract  together.  Movement  of  the  ring  finger  tends 
strongly  to  carry  with  it  movement  of  the  adjacent  fingers.  Our 
procedure,  as  will  be  seen,  involves  the  suppression  of  the  move- 
ment of  these  neighboring  fingers  and  the  development  of  the 
coordinations  of  the  ring  finger  alone. 

As  the  solution  of  our  problem  depended  largely  upon  the 
introspective  reports  of  the  subjects  who  acted  as  reagents  in 
the  experiments,  it  was  thought  best  to  select  persons  who  had 
had  work  in  psychology.    The  persons  serving  as  subjects  were 
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2  JASPER  CONVERSE  BARNES 

either  instructors,  graduate  students  in  psychology,  or  senior 
collie  students  that  had  taken  one  or  more  courses  in  the  de- 
partment. Twenty-two  men  and  ten  women  were  used  and  it 
may  foe  said  at  once  that  no  characteristic  sex  differences  appear 
in  the  results. 

In  general  outline  the  experiments  fell  into  four  series.  In  the 
first  series,  movement  went  on  without  any  instruction  as  to 
method  and  without  any  limitation  of  the  governing  senses. 
Tests  of  the  voluntary  control  of  the  fourth,  or  ring  finger,  of 
right  and  left  hands  were  made  for  both  vertical  and  lateral 
movements. 

In  the  second  series  of  experiments,  movement  was  accom- 
panied by  a  limiting  or  distracting  process.  This  distracting 
process  consisted  in  (i)  the  use  of  the  blindfold;  (2)  counting 
aloud  blindfolded;  (3)  reading  aloud;  (4)  reciting  a  piece  of 
poetry  while  blindfolded;  and  (5)  attending  to  the  tick  of  a 
metronome.  The  movement  in  each  case  was  undirected  as  to 
method  of  control,  but  directed  as  to  amplitude,  and  as  to  rate, 
when  the  metronome  was  used. 

In  the  third  series  of  experiments,  tests  of  the  pressure  of  the 
middle  and  little  fingers  were  made.  In  this  series  the  vertical 
movements  only  were  used.  One  half  of  the  subjects  were  in- 
structed to  relax  and  the  others  to  hold  the  fingers  rigid,  while 
the  fourth  finger  moved. 

In  Series  I,  II,  and  III,  the  hand  was  supported  on  a  table, 
so  it  was  thought  best  to  test  the  control  of  the  fingers  without 
any  support  for  the  hand  save  the  carpal  joint.  Therefore,  in 
the  fourth  series,  the  forearm  was  placed  in  an  arm-rest  so  that 
it  was  supported  just  above  the  carpal  joint,  thus  leaving  the 
hand  free.  The  subjects  were  then  instructed  to  relax  the 
fingers. 

Description  of  Apparatus 
The  tridimensional  apparatus  for  registering  finger  movement 
was  not  suitable  for  the  purpose  of  our  investigation,  so  we  de- 
vised one  apparatus  for  registering  finger  movements  in  the 
vertical  plane  and  another  for  registering  movements  in  the 
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horizontal  plane.  Two  drums,  30  centimeters  in  length,  were 
placed  three  meters  apart  on  a  long  table  and  joined  by  a  smoked 
paper  belt ;  this  enabled  us  to  use  more  than  six  meters  of  kymo- 
graph paper  without  change,  and  provided  space  enough  to  regis- 
ter the  movements  of  the  fingers  of  six  reagents.  The  progress 
of  each  subject  was  easily  followed  from  day  to  day,  and  the  rec- 
ords of  the  movements  relative  to  one  another  could  be  seen  at  a 
glance.  The  two  drums  were  rotated  by  means  of  a  small  electric 
motor  and  their  rate  was  controlled  by  the  use  of  a  rheostat  and  a 
Pillsbury  speed  reducer,  to  which  a  belt  nmning  around  each  drum 
was  attached.  The  registering  apparatus  was  as  follows:  (Fig. 
I)  a  small  wooden  box  (X),  25  cm.  x  12  cm.  x  12  cm.,  was 


Figure  1 

placed  on  the  carriage  of  the  kymograph.  In  each  end  of  this 
box  were  three  rectangular  holes,  15  mm.  x  6  mm.,  through 
which  ran  three  bars  (i,  2,  3),  40  cm.  x  15  mm.  x  6  mm.,  so 
adjusted  that  they  could  be  easily  moved  back  and  forth  in  the 
horizontal  plane;  to  these  bars  cords  were  attached  and  so  di- 
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4  JASPER  CONVERSE  BARNES 

reeled  by  the  use  of  pulleys  that  when  the  fingers  were  placed  in 
thimbles  (A,  B,  C)  fastened  to  the  other  ends  of  the  cords,  any 
movement  of  the  finger  in  the  vertical  plane  pulled  the  bar  in  the 
horizontal  plane.  Weights  attached  by  means  of  cords  to  the 
other  ends  of  the  bars  pulled  them  back  in  place.  Small  holes, 
3  mm.  in  diameter,  were  bored  in  the  bars  and  in  these  were 
placed  small  pegs  (a,  b,  c),  tipped  with  fine  wire,  ground  to  a 
point,  touching  the  smoked  paper  on  the  drum.  These  pegs 
registered  the  finger  movements.  Seconds  were  recorded  by  an 
electric  time  marker  connected  with  a  pendulimi. 

For  recording  movements  in  the  horizontal  plane,  the  follow- 
ing attachment  was  used  in  place  of  the  box  and  bars  described 
above:     (Fig.  II)  a  small  box  (X),  lo  cm.  x  lo  cm.  x  20  cm.. 


Figure  II 
attached  to  the  carriage  of  the  kymograph,  served  as  a  support 
upon  which  to  fasten  a  wooden  block  (Y),  2  cm.  x  8  cm.  x  10 
cm.,  on  which  markers  were  fastened  by  means  of  screws  (i, 
2,  3)  which  served  as  pivots  on  which  the  markers  moved.  The 
pivots  were  at  a  distance  of  20  cm.  from  the  small  end  of  the 
rods  and  10  cm.  from  the  ends  to  which  the  upright  rods  were 
attached  at  right  angles.  The  horizontal  rods  (a,  b,  c),  which 
served  as  markers,  were  made  of  wood,  2  cm.  x  2  cm.  x  30  cm., 
and  tapered  toward  the  ends  in  which  were  placed  small  wires, 
8  cm.  long,  curved  slightly  toward  the  ends,  which  were  ground 
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to  a  point,  so  that  they  would  mark  readily  on  the  drum.  The 
upright  rods  worked  on  wooden  pegs  (4,  5,  6)  as  pivots  running 
through  the  rods  at  a  distance  of  10  cm.  from  their  upper  ends 
and  fastening  them  to  the  end  of  the  box.  These  upright  rods 
were  made  of  wood,  2  cm.  x  2  cm.  x  40  cm.,  and  to  their  lower 
ends  thimbles  (A,  B,  C)  were  attached  and  so  adjusted  as  to 
fit  the  little,  ring,  and  middle  fingers  when  the  hand  lay  flat  on 
the  table.  The  thimbles  were  2  mm.  above  the  surface  of  the 
table,  so  that  the  fingers  did  not  touch  the  table  during  the 
lateral  movement.  This  arrangement  permitted  the  fingers  and 
the  markers  to  move  in  the  same  direction. 

The  apparatus  used  to  record  the  pressure  curve  in  Group  I  is 
shown  in  Figures  IIIA,  IIIB,  and  IV.    T  (Fig.  IIIB)  is  a  box. 


Figure  III  A 
15  cm.  x  30  cm.  X  50  cm.;  A  and  C  are  round  pegs,  i  cm.  in 
diameter,  fastened  in  pistons  of  plaster  of  paris  (B  in  Fig.  IV), 
5  cm.  long  and  2.5  cm.  in  diameter.  The  pistons  worked  in  glass 
tubes,  10  cm.  in  length,  and  rested  on  coiled  steel  springs,  5  cm. 
long  and  1.5  cm.  in  diameter.    The  glass  tubes  were  fitted  into 


Digitized  by 


Google 


JASPER  CONVERSE  BARNES 


/ 


m ru 


Figure  ni  B 

holes  bored  half  way  through  the  bottom  of  the  box,  and  made 
air-tight  by  the  use  of  sealing  wax;  through  the  center  of  the 
base  of  each  large  glass  tube  a  small  glass  tube  C  (Fig.  IV) 
I  cm.  in  diameter,  was  inserted ;  the  small  tube  extended  up  into 
the  large  tube  through  the  center  of  the  steel  spring  3  cm.,  and 
distance  of  3  cm.  below  the  bottom  of  the  box  to  receive  the 
rubber  tube  running  to  the  tambours  A  and  C  (Fig.  IIIB).  The 
small  tubes  were  made  air-tight  by  means  of  sealing-wax.  The 
pegs  A  and  C  (Fig.  IIIB)  extended  2  mm.  above  the  top  of  the 
box.  The  pistons  were  made  air-tight  by  the  use  of  oil.  In 
this  series.  Group  I,  a  vertical  drum  (D)  and  a  recording  appa- 
ratus (a,  b,  c),  attached  to  vertical  bars  controlled  by  weights 
were  used,  as  shown  in  Fig.  IIIB.  In  Groups  II  and  III  a  hori- 
zontal drum  was  used. 

Statement  of  Method 
The  subject  sat  on  a  laboratory  stool  at  the  end  of  a  table, 
placed  his  little,  ring,  and  middle  fingers  in  the  thimbles  with 
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Figure  IV 

the  palm  of  his  hand  laid  flat  on  the  table,  and  let  his  arm  rest 
comfortably  thereon.  No  directions  were  given  in  regard  to  the 
position  of  the  other  members  of  the  body.  The  signal  to 
move  was  given  by  means  of  a  small  electric  bell.  A  few  sec- 
onds before  the  signal  to  move,  the  signal  "ready"  was  given. 

The  ring  finger  was  selected  first,  because  of  the  comparative 
ease  with  which  apparatus  could  be  adjusted  to  it,  and  because  of 
its  convenience  for  experimentation.  In  the  second  place,  it 
usually  has  the  least  independent  action  of  any  of  the  fingers, 
hence  would  yield  the  best  results  for  this  experiment. 

The  subjects  were  tested  daily  for  eighty,  seconds,  and  the  tests 
were  continued  until  the  control  process  was  practically  perfect 
in  each  series.  Conditions  were  kept  as  nearly  constant  as  pos- 
sible throughout  the  experiment  The  test  was  given  at  the 
same  hour  each  day.  Any  variation  in  the  health  or  condition 
of  the  subject  was  noted. 

We  began  the  first  series  by  requiring  the  reagent  to  move 
for  one  hundred  seconds  at  each  test ;  this  was  too  long  to  secure 
the  best  results,  as  the  fingers  became  so  fatigued  that  control 
became  impossible,  so  we  reduced  the  time  to  eighty  seconds.    In 
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8  JASPER  CONVERSE  BARNES 

the  first  series,  we  let  each  subject  choose  his  own  rate  at  first. 
We  next  tried  various  rates  of  60,  70,  80,  90,  and  100  move- 
ments per  minute.    The  results  are  recorded  below. 

The  objective  side  of  the  experiment  consisted  of  a  curve 
recorded,  as  already  indicated,  on  the  belt  of  smoked  paper, 
passing  over  the  two  drums,  by  markers  attached  indirectly  by 
means  of  cords,  pulleys,  and  thimbles  to  the  fingers.  The  time 
of  the  test  and  die  position  of  the  fingers  during  the  same  are 
accurately  recorded.  This  method  permits  a  careful  study  of 
the  movement  and  control  of  each  subject  and  his  progress  from 
imperfect  to  perfect  control.  The  kymographic  curves  recorded 
by  the  six  observers  on  the  paper  ran  parallel  to  each  other  and 
each  record  was  continued  from  day  to  day  so  that  it  was  quite 
easy  to  follow  the  progress  of  the  subjects. 

Immediately  after  each  test,  the  subjects  were  asked  to  de- 
scribe what  took  place  in  their  minds  from  the  giving  of  the 
signal  to  start  until  the  close  of  the  test.  As  the  experiment  pro- 
gressed, our  questions  were  made  more  searching,  and  so  the 
introspective  reports  are  more  definite.  The  nature  of  the  initial 
cue,  the  control  factor  in  the  moving  finger  and  the  other  fingers, 
the  focal  point  of  attention,  were  searched  for,  and  usually  they 
were  clearly  and  definitely  given  by  the  subjects  in  their  intro- 
spective reports.  A  study  of  these  introspections  enabled  the 
writer  to  determine  their  respective  mental  types.  The  imme- 
diate mental  antecedents  operative  in  initiating  the  movement, 
we  term  the  "cue".  The  mental  concomitants  of  the  movement, 
which  seemed  to  guide  the  same,  are  termed  "control  processes". 
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PARTI 

Series  I. — Uninstructed  Movements.    No  Distractions  or 

Limitations — Seven  Subjects 

I.  Vertical  Movements 

a.  Preliminary  statement 

It  is  not  our  purpose  to  make  an  historical  study  of  the  various 
theories,  of  volition,  but  rather  an  introspective  study  of  volun- 
tary motor  control  under  experimental  conditions,  checked  by 
objective  data.  We  have  laid  special  emphasis  upon  a  study  of 
the  initiatory  cue  of  the  movements  made  and  the  control  pro- 
cess of  the  movement  after  it  has  been  initiated.  These  processes 
vary  according  to  the  mental  imagery  of  the  different  subjects, 
and  also  according  to  the  degree  of  control  acquired  by  each. 
Several  of  the  subjects  reported  that  the  could  vary  the  initiatory 
cue  at  will,  by  concentrating  the  attention  upon  the  visual  image 
of  the  movement  to  be  made  or  upon  the  kinaesthetic  image,  or 
even  upon  the  signal.  But  as  a  rule  the  mental  type  of  each  rea- 
gent determined  his  initiatory  cue  and  his  control  process  also. 

The  records  of  this  series  were  made  with  the  eyes  of  the  sub- 
jects open  and  without  any  restrictions  whatever.  The  reagent, 
having  taken  the  position  described  in  the  previous  section,  was 
directed  at  a  given  signal  to  move  his  ring  finger,  with  the  meta- 
carpo-phalangeal  joint  as  a  pivot,  as  high  as  he  could  without 
moving  the  other  fingers.  He  was  told  to  control  his  other 
fingers — that  is,  he  was  to  keep  the  ring  finger  moving  and  the 
other  fingers  on  the  table.  The  records  of  the  finger  movements 
of  the  subjects  were  small  at  first  and  revealed  many  movements 
of  the  middle  and  little  fingers.  Practice  rapidly  lessened  the 
number  of  these  accessory  movements  in  each  test  and  increased 
the  extent  of  movement  of  the  ring  finger.  The  series  was  con- 
tinued until  the  latter  movement  was  practically  automatic,  or 
until  the  control  was  ^substantially  perfect.  Even  after  the  con- 
trol  had   become   perfect,   fatigue,   headache,   nervousness,   or 
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worry  on  the  part  of  the  subject  were  followed  by  irregular 
reactions. 

The  curves  at  the  beginning  of  the  first  series  show  an  irregu- 
lar record,  both  in  extent  and  in  rate.  The  height  of  the  curves 
is  small  and  irregular  in  all  of  these  early  records  except  two; 
two  subjects  moved  rapidly  from  the  first,  but  their  control  of 
the  other  fingers  was  slight.  They  desired  to  make  a  large 
movement  and  so  did  not  emphasize  control,  and  the  result  shows 
that  the  little  finger  and  the  middle  finger  move  in  rhythm  with 
the  ring  finger.  The  other  four  reagents  made  smaller  move- 
ments with  the  ring  finger,  but  show  better  control  of  the  other 
fingers. 

Three  of  the  subjects  had  a  tendency  to  raise  the  hand  from 
the  table  at  the  metacarpo-phalangeal  joint;  this  placed  the  hand 
in  a  strained  position,  but  enabled  the  reagent  to  make  a  more 
extended  movement  of  the  ring  finger  and  gave  him  better  con- 
trol of  the  other  fingers  as  he  was  enabled  in  this  way  to  place 
them  under  more  muscular  tension.  Two  of  the  subjects  broke 
up  this  habit  after  several  weeks'  practice,  but  the  other  kept  it 
for  nearly  four  months. 

Five  of  the  subjects  took  a  slightly  leaning  posture  toward  the 
hand  that  was  active  in  the  experiment.  The  whole  organism 
was  adjusted  to  this  one  activity.  Sometimes  the  other  hand 
would  move  as  if  it  too  were  engaged  in  the  work.  Adjustment 
and  tension  of  the  muscles  were  observed  quite  frequently  in  the 
non-acting  hand.  This  fact  emphasizes  once  more  the  law  of 
excess  discharge,  the  tendency  of  the  motor  impulse  to  be  drained 
off  into  channels  other  than  those  immediately  essential  and 
especially  those  of  an  anatomically  symmetrical  kind.  During 
the  first  set  of  tests  one  reagent  kept  time  by  nodding  her  head 
as  she  moved  her  finger  and  counted  one,  two,  etc.,  with  each 
stroke  of  the  finger.  She  gained  perfect  control  after  a  few  days' 
practice.  The  movement  of  the  ring  finger  was  not  so  extensive 
as  that  of  the  records  of  the  other  reagents,  but  her  control  of 
the  other  fingers  was  perfect  after  a  few  tests.  Her  speedy  con- 
trol was  presumably  due  to  the  fact  that  she  had  had  daily  piano 
practice  from  childhood. 
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The  first  and  second  phalangeal  joints  of  the  fingers  of  three 
of  the  subjects  were  loose,  and  so  the  curves  representing  their 
records  do  not  show  the  actual  movements  that  took  place,  while 
using  the  metacarpo-phalangeal  joint  as  a  pivot.  This  difficulty 
was  overcome  after  considerable  practice.  Finally  the  subjects 
were  able  completely  to  relax  the  muscles  and  tendons  controlling 
the  movements  of  the  fingers,  and  then  the  control  of  the  fingers 
to  be  kept  quiet  was  perfect,  and  the  movement  became  practic- 
ally automatic. 

Bair^  says  that  learning  to  make  a  voluntary  movement  is 
largely  a  matter  of  learning  to  relax.  Relaxation  is  first  learned 
by  withdrawing  the  attention  from  the  movement  just  effected. 
A  voluntary  attempt  to  relax  will  merely  increase  tension.  Our 
experiments  show  that  the  inhibition  of  the  movement  of  a  mem- 
ber of  a  group  is  first  learned  by  keeping  the  member  rigid  by 
muscular  tension  and  secondly  by  drawing  the  attention  from 
it.  The  latter  is  the  method  by  which  complete  relaxation  is 
acquired.  The  kind  of  material  in  the  focus  of  attention,  which 
serves  as  initial  cue  and  as  control  in  the  moving  process  is  de- 
termined by  the  mental  type  of  the  reagent.  We  shall  consider 
this  more  fully  below,  where  we  describe  and  analyze  the  intro- 
spections of  the  subjects  that  acted  as  reagents  in  our  experiment. 

In  the  following  introspective  accounts,  tests  of  different 
chronological  position  in  the  series  are  presented  in  order  that 
they  may  show  a  greater  variety  of  conscious  phenomena  at  the 
different  stages  of  the  problem.  The  experimenter  rigorously 
avoided  suggesting  the  special  things  reported.  The  terms  used 
in  the  introspective  accounts  have  their  ordinary  meaning. 
Kinaesthetic  sensations  are  feelings  of  tension,  movement,  and 
the  like,  resident  in  the  moving  member  and  due  to  the  latter's 
movement.  Kinaesthetic  images*  are  memory  images  in  which 
kinaesthetic  sensations  prevail.  Auditory  image  and  visual  image 
are  used  in  a  similar  manner.  Visual-kinaesthetic,  auditory-kin- 
aesthetic  and  auditory-visual,  indicate  the  fact  that  both  elements 
were  present,  the  more  vivid  element  being  placed  first. 

*  Psychological  Review  Vol.  VIII,  1901,  p.  470. 

<  Whether  these  are  pseudo-images,  in  reality  sensations,  need  not  be 
discussed.  They  were  reported  by  the  reagents  as  images  and  may  so  stand 
here. 
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b.  Right  Hand 

(i)  Introspective  Reports 

Subject  P. 

First  Trial. — ^The  initial  cue  was  a  visual-kinaesthetic  image 
and  visual  and  kinaesthetic  perceptions  were  the  control  proc- 
esses. Attention  on  extent  of  movement  of  ring  finger.  Atten- 
tion oscillated.  Saw  little  finger  raised,  attention  was  attracted 
to  it,  and  then  followed  an  irregular  movement  of  ring  finger. 
The  latter  became  fatigued  toward  the  close  of  the  experiment, 
and  the  extent  of  movement  became  less,  and  the  rate  irregular. 
Motor  control  was  lost  after  fatigue  became  great.  Thought  of 
record  that  he  was  making  on  the  drum. 

Fiftieth  trial. — The  initial  cue  was  a  visual  image  of  the  antici- 
pated movement.  Watched  the  members  of  the  group.  Atten- 
tion was  centered  on  control  of  all  the  fingers  rather  than  on 
extent  of  movement.  Paid,  however,  little  attention  to  anything. 
Movement  was  practically  automatic.  Heard  a  locomotive 
whistle. 

Subject  B. 

Fourth  trial. — ^Visual  image  of  movement  was  the  initial  cue. 
Visual-kinaesthetic  perception  was  the  control  process.  Tried  to 
concentrate  attention  on  the  ring  finger  and  its  movement.  Lit- 
tle finger  was  drawn  up  by  the  weight  which  pulled  the  recorder 
back  into  position.  Attention  oscillated  to  the  little  finger.  Mid- 
dle finger  moved  next  and  -drew  attention  to  it.  Was  conscious 
of  making  a  poor  record  which  seemed  to  distract  attention  and 
cause  embarrassment.    Conscious  of  fatigue  in  little  finger. 

Sixtieth  trial. — Had  a  vivid  visual  image  of  the  movement 
before  the  finger  began  to  move.  Attention  on  regular  move- 
ment of  ring  finger  and  control  of  the  other  fingers.  Visual 
perception  of  the  moving  finger  controlled  its  movement  both  as 
to  extent  and  regularity.    Conscious  of  good  control. 

Subject  S. 

Second  trial. — Visual  idea  of  the  movement  was  the  initial 
cue.  Movement  was  controlled  by  visual  perception  of  the  ring 
finger.  Attention  on  extent  of  movement  of  ring  finger.  Raised 
little  finger  once.  This  attracted  attention  to  it  in  order  to  put 
it  in  position.    No  fatigue,  but  conscious  of  strain  in  arm. 

Sixtieth  triai. — Visual-kinaesthetic  ideational  cue.  Attention 
on  extent  and  regularity  of  movement  which  was  guided  by 
muscular  feeling  in  the  ring  figner.  Some  muscular  strain  in 
hand.    Little  finger  moved  slightly ;  watched  it  to  keep  it  down. 
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Subject  G. 

Eighth  trials — Kinaesthetic  image  of  the  movement  was  the 
initial  cue.  Attention  on  movement  and  on  tiying  to  keep  the 
other  fingers  still.  They  both  moved  and  attention  was  attracted 
to  them.  When  attention  was  focused  on  putting  little  finger 
down  on  the  table,  the  ring  finger  did  not  make  its  usual  record. 
Was  conscious  of  this  at  the  time  but  unable  to  prevent  it.  Felt 
pain  in  the  region  of  the  scapula.  Conscious  of  effort  in  the 
ring  finger. 

Fiftieth  trial, — Kinaesthetic  image  was  the  initial  cue.  Arm 
ached  at  the  beginning  in  making  the  adjustment.  Attention  was 
centered  on  keeping  other  fingers  down  and  on  trying  to  make  a 
good  record.  Felt  that  she  was  making  a  good  record  and 
wondered  why.  Tried  to  relax  arm.  Kinaesthetic  perception  of 
the  moving  finger. 

Subject  M. 

First  trial. — Kinaesthetic  image  of  ring  finger  preceded  the 
movement  which  was  controlled  by  resident  sensations.  Tried  to 
move  ring  finger.  No  thought  of  other  fingers.  Felt  that  ring 
finger  would  not  move  rightiy. 

Fiftieth  trial, — ^Visual-kinaesthetic  imaginal  cue.  Visual- 
kinaesthetic  perception  of  ring  finger  controlled  the  movement. 
Attention  on  moving  more  slowly  than  usual  and  also  on  extent. 
Just  let  the  finger  "go  itself".  Had  no  difficulty  in  keeping  the 
other  fingers  from  moving.  Did  not  keep  attention  on  the  finger 
all  the  time  toward  the  close  of  the  test.  Movement  was  practi- 
cally automatic. 

Subject  K. 

First  trial, — ^Visual  image  preceded  the  movement  which  was 
controlled  by  visual  perception  of  ring  finger.  Attention  was 
focused  on  the  movement  of  ring  finger,  but  it  oscillated  to  mid- 
dle finger  and  to  little  finger.    Felt  fatigue  in  forearm. 

Thirtieth  trial, — ^Visual  image  initiated  the  movement.  Atten- 
tion on  extent  of  movement  and  on  the  perfect  control  of  the 
other  fingers.  Had  a  visual  image  of  the  record  as  it  would  ap- 
pear on  die  drimi.    Conscious  of  perfect  control. 

(2)  Summary  of  Individttal  Introspections 
The  introspections  reported  by  the  reagents  show  that  atten- 
tion was  generally  focused  upon  the  idea  of  the  extent  of  move- 
ment of  the  ring  finger.    The  subjects  as  a  rule  emphasized  ex- 
tent of  movement  too  much,  and  consequently  they  were  unable 
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completely  to  inhibit  the  movements  of  the  middle  and  little 
fingers. 

M.  reported  that  he  could  control  his  movement  better  when 
he  moved  the  finger  rapidly — at  the  rate  of  sixty  or  seventy 
times  per  minute.  He  reported  also  that  this  gave  him  better 
control  of  the  other  fingers.  This  report  is  confirmed  by  a  study 
of  the  curve  recorded  on  the  kymograph. 

P.,  on  the  other  hand,  moved  deliberately  and  soon  gained 
complete  control  of  his  fingers.  In  the  first  four  or  five  tests,  he 
reported  that  he  had  difficulty  in  getting  definite  resident  sensa- 
tions in  the  moving  finger,  and  the  record  shows  a  corresponding 
irregularity  in  the  movements  of  the  ring  finger  and  inability  to 
inhibit  the  movements  of  the  other  fingers.  After  a  few  tests  he 
focused  his  attention  with  regularity  on  extent  of  movement, 
and  was  able  to  disregard  the  other  fingers.  He  said  that  he  had 
no  thought  of  them.  When  attention  was  focused  completely 
upon  the  movement  of  the  ring  finger,  its  record  was  even  and 
regular  and  the  inhibition  of  the  other  fingers  was  complete. 

G.  was  ambitious  from  the  start  to  make  a  large  movement. 
Her  attention  was  focused  on  extent  of  movement  rather  than 
on  voluntary  control.  It  took  many  trials  to  eliminate  the  move- 
ments of  her  other  fingers.  This  was  due  in  part  to  the  size  of 
the  thimble  which  was  too  large  for  her  ring  finger  and  so  slipped 
at  times,  thus  causing  the  other  fingers  to  move. 

During  the  first  set  of  this  series  G.  reported  that  while  her 
attention  was  focused  on  extent  of  movement,  the  latter  was  con- 
trolled by  a  visual  perception  of  it.  Whenever  her  other  fingers 
were  drawn  lip  by  force  of  the  weights  or  moved  in  the  effort  to 
move  the  ring  finger,  if  attention  was  attracted  to  the  little  finger 
or  the  middle  finger,  it  was  after  the  movement  had  taken  place. 
Sometimes,  one  of  the  other  fingers  would  be  pulled  up  gradu- 
ally by  the  weights  without  any  knowledge  on  the  part  of  the 
subject  of  the  position  of  the  finger;  but  in  the  effort  to  move 
the  ring  finger  or  in  the  effort  to  make  sure  that  the  other  finger 
was  down,  the  latter  moved  and  then  attention  was  directed  to  it. 
Quite  frequently  the  record  shows  that  the  other  fingers  moved 
without  the  knowledge  of  the  subject. 
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G.  reported  muscular  fatigue  and  strain  in  the  muscles  of  the 
forearm  just  below  the  elbow  and  in  the  muscles  of  the  arm  in 
the  region  of  the  scapula,  whenever  the  test  was  continued  longer 
than  eighty  seconds.  She  reported  also  sensations  of  strain  in 
tendons  of  fingers  and  hand.  When  her  attention  was  strongly 
focused  on  the  movement  of  the  finger  of  the  right  hand,  she 
reported  a  twitching  of  the  muscles  in  the  left  forearm.  Extent 
of  movement  was  judged  by  the  tendinous  strain  in  the  moving 
finger. 

S.  was  able  to  make  a  large  movement  from  the  first ;  this  was 
largely  due,  as  we  have  said  above,  to  the  shape  of  his  hand  and 
fingers.  When  the  palm  of  his  hand  was  placed  flat  on  the  table, 
the  tips  of  his  fingers,  when  in  their  normal  position,  were  not 
touching  the  table.  This  fact  made  it  more  difficult  for  him  to 
control  his  other  fingers,  when  he  was  moving  his  ring  finger, 
because  his  joints  are  loose  and  permit  the  fingers  to  bend  back 
readily  at  the  phalangeal  joints.  It  took  him  a  long  time  to  over- 
come this. 

His  control  process  was  a  visual  image  of  the  curve  that  he 
was  making  on  the  drum  by  the  movement  of  the  ring  finger. 
A  visual  image  of  the  record  guided  his  movements  both  as  to 
extent  and  regularity.  Only  once  during  Series  I,  which  was 
continued  for  two  months  and  a  half,  did  this  subject  report 
kinaesthetic  perception — the  feeling  of  the  moving  finger — as 
the  process  which  guided  his  movement.  His  movement  finally 
became  semi-automatic  and  his  control  perfect  for  several  days 
at  a  time  and  then  a  day  would  come  in  which  he  could  not  in- 
hibit the  movements  of  the  other  fingers.  This  could  usually  be 
accounted  for  by  overwork — ^mental  or  physical.  He  always  re- 
ported attention  attracted  to  the  other  fingers  after  their  move- 
ment. He  frequently  reported  strain  in  the  tendons  of  the  back 
of  the  hand  and  in  the  moving  fingers.  Toward  the  close  of  this 
series  his  movement  was  so  nearly  automatic  that  he  gave  Httle 
attention  to  the  fingers,  and  so  reported  only  very  vague  visual 
images  of  his  movement. 

K.  was  very  definite  and  accurate  in  his  introspective  reports. 
His  control  was  poor  at  first,  but  his  determination  to  succeed. 
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and  his  ability  to  concentrate  his  attention  on  his  problem  has- 
tened the  learning  process,  so  that  he  gained  perfect  control  of 
his  fingers  in  the  course  of  two  or  three  weeks.  In  the  early  part 
of  Series  I,  he  reported  a  conscious  struggle  with  his  thumb 
which  had  a  strong  tendency  to  move,  but  it  was  controlled  with 
great  effort.  He  was  the  only  one  that  reported  any  tendency 
to  move  either  the  thumb  or  the  forefinger. 

His  starting  cue  was  strongly  visual  from  the  first.  His  con- 
trol process  was  also  strongly  visual,  and  usually  consisted  of  the 
visual  image  of  the  movement  of  the  finger.  Quite  frequently  he 
reported  that  his  movement  was  controlled  and  regulated  by  a 
visual  image  of  his  record  on  the  drum.  These  facts  are  more 
clearly  and  definitely  brought  out  in  the  blindfold  series.  K. 
learned  to  control  his  fingers  more  quickly  than  the  other  sub- 
jects, owing  to  his  concentration  and  his  determination  to  suc- 
ceed. At  first  he  was  not  able  to  control  extent  of  movement  of 
the  ring  finger,  and  was  not  able  to  inhibit  the  movement  of  the 
other  fingers.  Although  he  learned  more  rapidly  than  the  other 
subjects,  he  did  not  gain  perfect  control  so  quickly  as  Sn.  because 
she  had  good  control  from  the  very  first  in  Series  I  and  II. 

B  (the  writer)  was  much  older  than  the  other  subjects,  and 
was  not  able  to  make  so  extended  movements  as  they,  nor  was 
his  record  so  uniform  from  day  to  day.  In  Series  I,  his  starting 
cue  was  uniformly  visual,  and  his  control  was  the  visual  percep- 
tion of  the  moving  finger  aided  by  the  kinaesthetic  perception  of 
the  movement.  From  the  first  he  was  not  able  to  inhibit  the 
movement  of  the  other  fingers.  Attention  oscillated  between 
the  ring  finger,  and  the  middle  finger  or  the  little  finger.  But 
attention  was  always  attracted  to  these  fingers  after  their  move- 
ment. This  rule  was  uniform  with  all  the  subjects.  Fatigue, 
worry,  or  headache  regularly  lessened  the  ability  of  the  subject 
to  control  his  fingers.  Confidence  that  he  could  perform  the  ex- 
periment with  perfect  control  was  a  great  help  toward  success. 

The  subjects  uniformly  report  that  attention  goes  to  the  mid- 
dle and  little  fingers  after  their  movement.  So  long  as  these 
fingers  are  completely  relaxed  the  subject  reports  that  he  is  not 
conscious  of  them;  but  the  instant  they  move,  consciousness  ap- 
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pears  and  attention  is  focused  upon  them  in  order  to  control 
them. 

c.  Left  Hand 
(i)  Prelifninary  Statement 
The  left  hand  movement  was  a  repetition  of  the  right  hand 
movement  It  may  be  remarked  that  all  the  subjects  were  right 
handed.  The  purpose  of  this  part  of  the  experiment  was  to 
verify  the  results  of  the  first  part  and  to  determine  the  effect  of 
training  the  fingers  of  the  right  hand  upon  the  process  of  learn- 
ing a  similar  movement  by  the  members  of  the  left  hand.  Only 
five  tests  were  given  in  this  series.  We  give  an  introspective 
report  of  each  individual  below : 

(2)  Introspective  Reports 

Subject  G. 

Fourth  trial, — Kinaesthetic  image  of  the  movement  was  the 
initial  cue.  The  ring  finger  was  controlled  by  kinaesthetic  per- 
ception of  it,  and  by  visual  image  of  it.  Did  not  look  at  the 
hand  at  all.  Sensation  of  touch  as  the  finger  came  down  on  the 
table  was  an  important  factor  of  the  control  process.  The  other 
members  of  the  group  were  controlled  by  tendinous,  muscular, 
and  tactile  sensations.  The  tendinous  strain  was  prominent. 
The  kinaesthetic  sensation  was  felt  in  the  whole  finger.  Atten- 
tion was  focused  on  the  movement  of  the  ring  finger  and  espe- 
cially on  the  amplitude  of  the  movement.     No  fatigue. 

Subject  Sn. 

Fourth  triah — Auditory-kinaesthetic  cue.  There  were  three 
control  processes:  tactile  sensation  as  the  finger  came  down  to 
the  table,  kinaesthetic  perception,  and  visual  perception  of  the 
moving  member.  The  sensation  of  touch  seemed  to  be  very  im- 
portant as  an  element  of  the  control  process.  Tactile  sensation 
controlled  the  other  members  of  the  group  as  they  lay  on  the 
table.  Subject  found  that  she  was  able  to  control  her  finger 
without  looking  at  it;  then  a  visual  image  of  it  appeared.  At- 
tention was  focused  on  the  movement  of  the  ring  finger. 

Subject  S. 

Fourth  trial. — Kinaesthetic  cue.  Kinaesthetic  perception  of 
the  ring  finger  was  the  chief  element  of  control,  but  visual  per- 
ception of  it  seemed  to  aid  in  the  control  of  the  movement.  Was 
conscious  of  great  strain  in  the  phalanges  of  the  ring  finger  in 
the  metacarpo-phalangeal  joint  and  in  the  volar  side  of  the  wrist. 
The  other  members  of  the  group  were  kept  down  by  means  of 
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muscular  tension.  Attention  was  centered  on  watching  the  move- 
ment of  the  ring  finger  and  on  the  sensations  in  the  finger. 
Other  fingers  were  in  the  field  of  attention.  Was  conscious  of 
good  control. 

Subject  M. 

Fifth  trial. — Idea  of  the  feeling  of  the  movement  to  be  made 
was  the  starting  cue.  The  movement  was  controlled  by  the  kin- 
aesthetic  perception  of  the  ring  finger.  Did  not  watch  it  but 
looked  out  of  the  window.  Other  members  of  the  group  were 
controlled  by  tactile  sensation  of  table.  Had  no  other  sensation 
from  them.    Attention  was  not  focused  on  anything. 

Subject  P. 

Fifth  trial. — As  soon  as  the  signal  bell  rang,  P.  had  an  articu- 
lar image  [?]  of  the  finger.  Sensation  was  locaHzed  in  the 
metacarpo-phalangeal  joint.  Then  the  movement  followed. 
Kinaesthetic  perception  of  the  ring  finger  was  the  principal  ele- 
ment of  control — sensation  continued  in  the  joint.  Tactile  sen- 
sation of  finger  coming  down  on  the  table,  was  an  element  of 
control  also.  Other  fingers  were  relaxed.  They  were  controlled 
in  part  by  visual  perception.  Attention  oscillated — ^no  attention 
to  movement  during  a  part  of  the  test. 

Subject  B. 

Fifth  trial. — Kinaesthetic-visual-auditory  cue.  Both  visual 
and  kinaesthetic  perception  of  the  ring  finger  controlled  its 
movements.  Articular  sensations  in  metacarpo-phalangeal  joint. 
Other  members  of  the  group  were  controlled  by  visual  perception 
and  by  sensations  of  tendinous  strain  in  the  first  phalanges.  At- 
tention was  focused  on  the  amplitude  of  the  movement. 

(d)  Summary  of  Left  Hand  Movement  in  Vertical  Plane 
During  the  right  hand  practice  there  was  constant  innervation 
of  the  fingers  of  the  left  hand  so  that  when  the  left  hand  move- 
ment was  begun,  only  five  trials  were  given  in  this  series  because 
the  control  was  practically  perfect  from  the  first  in  regularity 
and  amplitude  of  the  movement  of  the  ring  finger  and  also  in  the 
complete  inhibition  of  the  movement  of  the  other  members  of 
the  group.  The  long  practice  with  the  fingers  of  the  right  hand 
seemed  to  be  the  explanation  for  the  above  results.  It  required 
more  than  two  months — sixty  or  seventy  trials — for  the  subjects 
to  gain  complete  control  of  the  movement  of  the  finger  of  the 
right  hand  in  the  vertical  plane.    When  the  fingers  of  the  left 
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hand  were  placed  in  the  thimbles,  and  the  signal  given,  the  ring 
finger  moved  almost  as  easily  and  with  as  great  amplitude  as 
though  it  were  continuing  the  practice  of  the  finger  of  the  right 
hand.  We  consider  this  subject  more  fully  in  the  general  sum- 
mary of  the  results  of  the  experiment. 

The  presence  of  the  kinaesthetic  image  as  the  initiatory  cue 
was  more  common  than  in  the  previous  right  hand  movement. 
The  auditory  cue  was  usually  reported  by  subjects  whose  move- 
ments were  practically  automatic.  Either  auditory  or  kinaes- 
thetic cues  could  be  used  successfully  by  some  of  the  subjects, 
but  the  kinaesthetic  image  was  the  one  generally  used.  M.  fre- 
quently reported  a  visual  cue ;  occasionally  he  reported  a  'general 
idea  of  movement'  as  the  immediate  precursor  of  the  finger's 
activity. 

The  movement  was  regulated  and  controlled  chiefly  by  kinaes- 
thetic perception  of  the  moving  member.  The  tendinous,  articu- 
lar, and  muscular  sensations  were  more  carefully  localized  by 
the  subjects  than  in  the  previous  series.  The  tendinous  sensa- 
tions were  usually  localized  in  the  first  phalanges  and  in  the 
fourth  metacarpal  but  more  commonly  in  the  former  and  fre- 
quently in  both  during  the  experiment.  Visual  perception  of  the 
moving  member  and  of  the  whole  group  was  present  as  an  ele- 
ment of  control,  but  was  not  usually  so  important  a  factor  as  the 
kinaesthetic  perception.  Sn.  reported  that  she  could  move  the 
finger  better  without  looking  at  it.  This  fact  would  seem  to 
indicate  that  for  her  the  visual  element  was  not  an  important 
factor  in  the  control  process.  Tactile  sensation  was  also  an  ele- 
ment of  control.  As  the  finger  came  down  upon  the  table,  both 
the  thimble  and  the  ring  finger  touching  the  table  gave  rise  to  a 
vivid  perception  of  the  position  of  the  finger. 

2.  Lateral  Movements 
a.  Preliminary  Statement 

The  lateral  movement  of  the  ring  finger  presented  more  diffi- 
culties than  the  vertical.  The  ligaments  binding  it  to  the  little 
finger  and  the  middle  finger  are  so  arranged  that  any  extensive 
movement  of  the  ring  finger  in  the  lateral  direction  would  al- 
ways pull  one  or  the  other  of  the  two  adjacent  fingers;  so  that 
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the  movement  of  the  latter  did  not  always  mean  that  the  muscles 
controlling  them  had  contracted. 

In  the  second  place,  movement  of  the  ring  finger  in  th^  lateral 
direction  is  not  so  common  as  movement  in  the  vertical  plane. 
But  the  second  difficulty  was  not  so  formidable  as  the  first;  for, 
with  the  exception  of  the  writer,  this  movement  was  learned 
rapidly  with  almost  perfect  control  of  the  other  fingers.  The 
first  records  were  very  discouraging — all  the  fingers  moved  and 
even  the  thumb  was  held  in  a  strained  position  and  moved 
slightly.  The  records  show  how  rapidly  persistent,  faithful,  regu- 
lar practice  will  overcome  these  difficulties. 

The  following  introspective  reports  of  the  subjects  are  fair 
samples  of  the  psychical  phase  of  the  lateral  movement  of  the 
fingers  of  the  right  hand.  In  general  they  resemble  the  previous 
reports. 

b.  Right  Hand 
I.  Introspective  Reports 

Subject  G. 

First  trial, — Movement  of  ring  finger  was  initiated  by  a  kin- 
aesthetic  idea  of  the  movement  to  be  made.  The  movement  was 
controlled  chiefly  by  kinaesthetic  perception  of  the  moving  finger, 
supplemented  by  a  visual  perception  of  the  record  as  it  was  being 
made  on  the  drum.  First  phalangeal  joint  ached.  Muscular 
tension  controlled  the  other  fingers.  Attention  was  focused  pri- 
marily on  the  movement  of  the  ring  finger,  and  secondarily  on 
idea  of  moving  in  such  a  way  as  not  to  disturb  the  other  fingers — 
Steadily  and  not  extensively. 

Tenth  trial, — Kinaesthetic  cue.  Pulled  down  with  the  other 
fingers  to  try  to  fix  them  firmly,  and  then  withdrew  attention 
from  them.  Was  conscious  of  good  success.  Kinaesthetic  per- 
ception controlled  the  ring  finger ;  visual  perception  of  the  record 
used  out  of  curiosity  only,  but  not  for  control.  Looked  down  at 
other  fingers  once  and  felt  that  control  was  being  lost,  and  went 
back  to  watching  the  record.     No  strain  and  no  fatigue. 

Subject  Sn. 

First  trial, — Auditory  cue— the  signal  initiated  the  movement. 
Visual  perception  of  the  fingers  supplemented  by  kinaesthetic 
perception  were  the  control  processes.  Attention  was  focused  on 
the  ring  finger,  but  the  other  fingers  took  a  part  of  the  attention. 
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No  fatigue.    Kinaesthetic  sensation  in  the  metacarpo-phalangeal 
joint. 

Ninth  trial. — Auditory  cue.  Visual  perception  of  the  group 
was  the  chief  process  of  control.  Had  kinaesthetic  perception  of 
the  ring  finger,  and  also  of  the  little  finger  when  it  moved.  At- 
tention was  focused  on  the  ring  finger,  with  the  other  members 
of  the  group  in  the  field.  Get  on  better  when  attention  is  focused 
absolutely  on  the  moving  finger.    No  fatigue. 

Subject  M. 

First  trial. — Starting  cue  was  a  visual  image  of  the  movement 
to  be  made,  which  was  controlled  by  both  visual  and  kinaesthetic 
perception.  Attention  was  focused  on  the  ring  finger,  but  oscil- 
lated to  the  other  fingers.    Conscious  of  strain  in  all  the  fingers. 

Tenth  trial. — ^Auditory  cue.  Movement  of  ring  finger  was 
controlled  by  visual  perception  of  record.  Conscious  of  good 
control  of  ring  finger.  Visual  perception  of  the  little  finger 
showed  that  it  was  moving,  but  had  no  kinaesthetic  perception 
of  it.  Attention  on  record  and  on  the  cause  of  the  movement  of 
the  little  finger. 

Subject  P. 

First  trial. — Auditory  cue.  Visual  perception  of  movement. 
Peculiar  strain  in  the  metacarpo-phalangeal  joint.  Attention  was 
focused  on  the  ring  finger  but  was  attracted  to  the  little  finger 
when  it  moved. 

Eleventh  trial. — ^Auditory-kinaesthetic  cue.  Kinaesthetic  per- 
ception of  movement  was  localized  in  the  metacarpo-phalangeal 
joint  of  ring  finger.  Other  fingers  were  completely  relaxed.  No 
kinaesthetic  perception  of  them  or  sensation  in  them.  Had  a 
visual  perception  of  them.  Attention  was  focused  on  the  move- 
ment of  the  ring  finger. 

Subject  B. 

First  trial. — Auditory-kinaesthetic  cue.  Attention  oscillated 
from  ring  finger  to  other  fingers.  Attention  was  really  on  the 
group.  Was  conscious  of  poor  control.  Visual  perception  of 
record  and  of  moving  filler  were  the  control  processes.  The 
kinaesthetic  perception  was  vague. 

Elez^enth  trial. — Auditory-visual-kinaesthetic  cue.  Watched 
the  record  as  it  was  being  made  on  the  drum  very  closely ;  fingers 
were  controlled  in  this  way.  Had  a  visual  perception  of  the 
fingers  occasionally.  Attention  was  focused  on  the  ring  finger 
most  of  the  time,  but  the  other  fingers  were  in  the  field.  Kin- 
aesthetic perception  of  the  group  helped  to  control  the  process. 
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Subject  S. 

First  trial.' — Auditory  cue.  Conscious  of  poor  control.  At- 
tention was  on  little  and  middle  fingers  chiefly  in  order  to  keep 
them  from  moving.  It  took  little  attention  to  keep  ring  finger 
moving.    Attention  to  other  fingers  made  control  of  them  easier. 

Eleventh  trial. — ^Visual  cue.  Watched  the  record  as  it  was 
being  made  on  the  drum;  also  had  a  vague  kinaesthetic  percep- 
tion of  the  movement.  Was  conscious  of  good  control.  Atten- 
tion was  focused  on  record  most  of  the  time,  but  it  oscillated. 
Conscious  of  irregular  movement  of  ring  finger  due  to  strain  and 
fatigue.     Not  conscious  of  middle  or  little  finger. 

2.  Summary  of  Right  Hand  Lateral  Movement 

Movement  in  the  lateral  direction  was  learned  much  more 
rapidly  than  movement  in  the  vertical  plane.  This  result  is 
probably  due  to  the  practice  and  training  acquired  in  the  previous 
movement.  No  unqualified  assertion  can  be  made,  however,  for 
transfer  of  training  was  not  the  problem  immediately  in  hand 
and  no  adequate  control  tests  were  employed  to  justify  sweeping 
affirmations  regarding  this  point. 

P.'s  initial  cue  was  uniformly  kinaesthetic  throughout  the  tests 
on  lateral  movement.  Adjustments  were  always  made  in  advance 
of  the  movement,  and  the  signal  seemed  simply  to  set  off  the 
movement  for  most  of  the  subjects;  but  P.  always  reported  a 
kinaesthetic  idea  of  the  movement  to  be  made  as  preceding  the 
actual  movement. 

Sn.'s  initial  cue  was  usually  auditory-kinaesthetic,  but  occa- 
sionally she  reported  a  visual  image  of  the  movement  to  be  made 
as  her  starting  cue  and  once  the  visual  perception  of  the  moving 
drum.  Her  fingers  were  adjusted  and  she  was  waiting  with 
strained  attention  for  the  signal  and  as  the  drum  started  to  move 
before  the  signal  was  given,  the  visual  perception  of  the  rotating 
drum  set  the  finger  to  moving  almost  automatically. 

The  initial  cue  of  G.  was  rather  evenly  divided  between  visual- 
kinaesthetic  and  auditory-kinaesthetic,  the  auditory  predominat- 
ing. But  M.  on  the  other  hand  reported  a  visual  cue  only  three 
or  four  times  during  the  whole  series.  His  cue  was  usually 
auditory.  B.'s  cue  was  usually  auditory-kinaesthetic,  but  he  fre- 
quently reported  auditory-visual-kinaesthetic  as  his  starting  cue, 
P.'s  initial  cue  was  invariably  auditory-kinaesthetic. 
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The  control  processes  of  the  subjects  were  made  more  varied 
than  in  the  preceding  series.  During  one  experiment  one  mental 
process  would  be  the  chief  element  of  control,  and  during  the  next 
experiment  another  sort  would  predominate.  At  other  times  two 
or  three  mental  factors  would  enter  almost  equally.  Visual  per- 
ception of  the  record  and  kinaesthetic  perception  of  the  moving 
finger  were  the  most  common  controls. 

G.  reported  visual  perception  of  the  record  as  it  was  being  made 
on  the  drum  by  the  recorder  and  kinaesthetic  perception  of  the 
moving  finger  as  the  usual  control  processes.  She  emphasized 
the  importance  of  the  kinaesthetic  factor  which  was  localized  in 
or  near  the  metacarpo-phalangeal  joint.  She  found,  however, 
when  she  directed  visual  perceptual  attention  from  the  record  to 
the  fingers,  that  control  was  lessened  and  that  it  was  necessary 
to  watch  the  record  intently  in  order  to  make  the  control  perfect. 
It  would  seem  that  the  visual  perception  of  the  record  was  a  very 
important  element  of  control,  both  of  the  moving  finger  and  of 
the  other  members  of  the  group. 

Sn.'s  movement  was  controlled  by  visual  perception  of  the 
moving  finger  and  by  kinaesthetic  perception  of  the  movement 
also.  She  always  watched  intently  the  moving  finger.  This  was 
her  chief  source  of  control;  the  kinaesthetic  element  was  only 
supplementary  to  the  visual.  The  extent  of  movement  was  con- 
trolled by  the  kinaesthetic  perception  which  was  usually  reported 
as  vague. 

M.  tried  to  control  his  movement  in  the  lateral  direction  during 
the  first  set  of  experiments  in  this  series  by  visual  perception  of 
the  ring  finger  which  was  supplemented  by  kinaesthetic  perception 
of  the  movement.  But  this  method  was  not  successful.  In  the 
next  place  he  tried  watching  the  record  intently  as  it  was  being 
made  on  the  drum.  This  method  gave  better  control  and  was 
used  until  the  process  was  practically  automatic.  The  kinaesthetic 
element  was  recognized  and  used  as  an  element  of  control 
throughout  the  entire  series. 

P.  tried  various  means  of  control :  at  first  he  watched  the  mov- 
ing finger  but  failed  to  gain  control ;  in  the  second  place  he  tried 
watching  the  record,  which  gave  better  results ;  in  the  third  place, 
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he  alternated  between  visual  perception  of  the  record  and  visual 
perception  of  the  fingers.  Kinaesthetic  perception  of  the  moving 
finger  was  recognized  as  an  important  element  of  control.  Once 
he  recognized  it  as  the  only  element.  The  kinaesthetic  sensation 
which  gave  rise  to  the  kinaesthetic  perception  was  always  local- 
ized in  the  metacarpo-phalangeal  joint  of  the  ring  finger. 

B.  tried  various  methods  of  control.  Watched  the  fingers  at 
first,  but  that  method  was  not  successful.  Visual  perception  of 
the  record  assisted  by  kinaesthetic  perception  of  the  moving 
finger  seemed  to  give  the  best  results.  He  was  not  able  to  make 
a  perfect  record  during  the  entire  series. 

Visual  and  kinaesthetic  perception  of  the  members  of  the  group 
were  the  elements  of  control  used  by  S.  during  the  first  part  of 
the  lateral  movement.  This  method  did  not  seem  to  give  good 
results,  but  the  visual  perception  was  supplemented  by  kinaesthetic 
perception  of  the  moving  finger.  His  visual  perception  of  the 
record  became  very  vivid  while  the  kinaesthetic  perception  was 
vague  toward  the  close  of  this  series. 

The  process  of  inhibiting  movement  in  the  fingers  to  be  kept 
quiet  depended  upon  muscular  and  tendinous  sensations  during  the 
first  stage  of  the  control.  Three  of  the  subjects,  however,  used 
visual  perception  of  the  fingers  and  also  visual  perception  of  the 
record  as  elements  of  control.  In  the  lateral  series  they  relied 
entirely  on  muscular  strain  to  control  the  quiescent  members  of 
the  group  during  the  first  trials.  All  the  subjects  reported  the 
tendinous  and  muscular  strain  in  these  fingers  during  the  first 
several  trials.  One  of  the  subjects  emphasized  visual  perception 
of  the  fingers  as  the  chief  element  of  control;  three,  visual  per- 
ception of  the  record. 

c.  General  Summary  of  Series  I 

There  are  three  rather  definitely  defined  stages  of  the  inhibi- 
tory process.  The  first  is  the  stage  of  muscular  and  tendinous 
tension  in  which  the  subject  tries  to  inhibit  the  little  and  middle 
fingers  by  keeping  the  muscles  tense.  In  the  second  stage,  the 
muscles  are  partially  relaxed,  and  the  muscular  sensation  is 
vague,  and  the  record  becomes  approximately  perfect.  In  the 
third  stage,  the  muscles  become  completely  relaxed,  the  subject 
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is  not  conscious  of  the  non-moving  members  of  the  group  or  at 
most  only  vaguely  conscious  of  them,  and  the  record  is  usually 
perfect. 

Quite  frequently,  however,  the  middle  finger  or  the  little 
finger  moves,  and  yet  the  movement  does  not  give  rise  to  any 
kinaesthetic  sensation  and  so  the  subject  does  not  know  that  any 
movement  has  taken  place  until  he  examines  the  record.  On  the 
other  hand,  the  subject  frequently  reports  kinaesthetic  perception 
of  the  movements  of  the  other  members  of  the  group  when  the 
records  show  that  no  movement  has  taken  place.  These  cases 
seem  to  be  illusions  of  movement  due  to  muscular  tension  which 
gives  rise  to  vivid  kinaesthetic  images  of  the  supposed  move- 
ment. Complete  relaxation  of  the  inhibited  members  seems  to 
be  the  goal  of  perfect  control ;  and  this  is  attained  by  withdraw- 
ing the  attention  from  the  non-moving  members  and  by  focusing 
it  on  the  moving  finger. 

The  field  of  attention  usually  includes  all  the  members  of  the 
group.  The  movement  begins  with  the  focus  of  attention  on 
the  movement  of  the  ring  finger ;  but  the  muscular  and  tendinous 
strain  in  each  finger  seems  to  cause  the  attention  to  oscillate  from 
one  member  of  the  group  to  another.  The  introspective  reports 
of  all  the  subjects  show  that  voluntary  attention  always  preceded 
the  adjustment  and  movement  of  the  ring  finger ;  but  they  show 
also  that  the  involuntary  and  non-voluntary  movement  of  the 
other  members  of  the  group  were  followed  by  attention  to  them. 
Their  movements  did  not  ordinarily  follow  upon  attention  to 
them,  but  when  the  focus  of  attention  went  to  them  it  was  usu- 
ally after  their  movement  had  begun.  The  process  of  attention 
was  always  most  active  at  the  point  where  new  adjustments 
were  needed  to  control  the  situation. 

The  conscious  elements  in  the  focus  of  attention  varied  in 
the  first  part  of  each  series.  Each  of  the  subjects  began  the 
movement  in  the  lateral  direction  by  trying  to  fixate  upon  the 
visual  perception  of  the  moving  finger;  but  the  introspective 
reports  show  that  the  kinaesthetic  perception  of  the  moving 
finger  was  more  vivid  than  the  visual  perception  during  the  first 
part  of  the  series.    At  this  stage  of  the  experiment  the  attention 
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oscillated.  But  as  the  control  became  more  perfect,  attention 
became  focused  on  the  kinaesthetic  perception  of  the  moving 
finger,  the  visual  perception  of  the  record,  or  the  visual  percep- 
tion of  the  moving  finger.  G.  used  the  first  form  of  control, 
M.  the  second  form,  and  Sn.  the  third  form;  P.  used  both  the 
first  and  second  forms  with  preference  for  the  first;  B.  used  the 
same  forms  as  P.  but  with  preference  for  the  second  form.  S. 
focused  his  attention  on  the  record  with  very  vague  kinaesthetic 
perception  of  the  movement. 

Series  II.    Distractions  and  Limitations — Seven  Subjects 
I.  The  Blindfold 

The  experiments  of  Series  II  followed  immediately  those  de- 
scribed in  Series  I,  with  the  same  reagents. 

a   Purpose 

The  purpose  of  the  blindfolded  series  was  the  elimination  of 
the  sensory  element  of  visual  control  in  order  to  enable  the  sub- 
ject better  to  estimate  the  value  of  visual  perception  in  the  con- 
trol processes,  and  especially  its  significance  in  comparison  with 
the  ideational  visual  element.  One  of  our  subjects  immediately 
substituted  the  visual  image  of  tihe  movement  for  the  visual 
perception  and  so  his  control  was  not  affected.  As  a  rule,  how- 
ever, the  cutting  off  of  the  sensory  visual  element  affects  both 
movement  and  control  processes  until  the  subject  can  readjust 
himself  to  the  new  condition.  This  is  true  despite  the  fact  that 
kinaesthetic,  tactual,  and  auditory  sensory  material  and  visual 
ideational  material  are  still  available. 

The  cutting  off  of  the  visual  perception  affected  the  regularity 
and  the  extent  of  the  movement  of  five  of  the  subjects.  The 
muscular  sense  was  soon  successfully  used  to  gain  control  over 
the  extent  of  the  movement  and  its  regularity.  But  the  regularity 
of  the  rate  of  movement  was  controlled  invariably  by  the  audi- 
tory factor — ^the  tick  of  the  time  marker,  the  tap  of  the  thimble, 
or  an  imagined  rhythm. 

A  metronome  was  introduced  into  the  experiment  primarily 
for  the  purpose  of  distraction,  but  from  the  first  it  was  a  positive 
help  to  most  of  the  subjects;  it  made  their  records  regular  and 
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uniform  in  height.  When  the  records  had  become  thus  regular 
and  substantially  free  from  error,  the  metronome  was  set  at  a 
faster  rate — eighty  strokes  per  minute,  and  then  changed  to 
sixty  and  back  again  to  eighty  during  one  trial.  Two  metro- 
nomes were  used,  each  set  at  the  regular  rate,  so  that  the  change 
from  the  faster  to  the  slower  rate  could  be  made  without  losing 
a  beat  The  change  of  rate  distracted  the  attention  of  the  sub- 
jects for  a  short  time,  but  each  rapidly  gained  control  again  and 
moved  with  the  rhythm  of  the  metronome.  The  change  from 
the  faster  to  the  slower  movement  caused  more  difficulty  than 
the  change  from  the  slower  to  the  faster  rate. 

Counting  was  used  as  a  distraction ;  the  subjects  were  required 
to  isolate  the  counting  from  the  movement. 

The  subjects  were  also  at  times  instructed  to  recite  a  familiar 
poem  while  moving  the  finger  in  time  with  the  metronome  but 
were  required  to  isolate  the  rhythm  of  the  poem  from  that  of  the 
movement  and  the  metronome.  As  a  further  distraction,  the 
beat  of  the  metronome  was  changed  during  the  test  from  84  to 
48  and  back  again  from  48  to  84. 

The  subjects  were  further  required  to  read  easy  prose,  and  at 
the  same  time  move  with  the  tick  of  the  metronome,  and  to 
isolate  the  rhythm  of  articulation  from  that  of  the  movement. 

b.  Introspective  Reports 
Subject  G. 

The  movement  was  initiated  by  an  auditory-kinaesthetic  cue. 
Kinaesthetic  perception  of  the  ring  finger  was  the  principal  con- 
trol factor,  but  a  vivid  visual  image  was  present  dilring  the 
whole  trial.  Other  fingers  were  controlled  by  pressing  them 
down  on  the  table.  Attention  was  focused  on  the  perception  of 
the  moving  finger- — ^the  visual  image  being  emphasized  as  an 
clement  of  consciousness  but  not  r^arded  as  a  factor  of  the 
control  process.  Was  conscious  once,  through  tactile  sensation, 
of  the  movement  of  the  middle  finger. 

Subject  Sn. 

Auditory-kinaesthetic  cue — auditory  element  being  stronger 
than  the  kinaesthetic.  Had  a  visual  image  of  the  whole  group. 
Sensations  in  the  ring  finger,  and  sensation  of  touch  when  the 
finger  came  down  on  the  table  controlled  the  movement.    Other 
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fingers  were  relaxed  and  hardly  thought  of.     Attention  was 
focused  on  the  movement  of  the  ring  finger. 

Subject  M. 

Auditory-kinaesthetic  cue.  Kinaesthetic  perception  of  the 
ring  finger  was  the  control  process.  No  visual  images  of  any 
kind.  Other  fingers  were  relaxed  but  they  moved  slightly, 
though  their  movement  did  not  give  rise  to  kinaesthetic  sensa- 
tions. Attention  was  focused  on  the  feeling  of  the  movement. 
The  blindfold  seemed  to  have  very  little  effect.  Kinaesthetic 
sensations  came  from  every  part  of  the  middle  finger.  Tactile 
sensations  were  localized  in  the  tip  of  the  little  finger. 

Subject  P. 

Kinaesthetic  cue.  General  idea  of  movement  controlled  the 
process,  with  very  vague  consciousness  of  what  was  going  on. 
Had  no  visual  image  at  all.  Did  not  think  of  the  other  members 
of  the  group.  Attention  was  not  focused  on  anything.  Move- 
ment was  automatic. 

Subject  B. 

Auditory-kinaesthetic-visual  cue.  Kinaesthetic  perception  of 
the  ring  finger  and  visual  image  of  it  were  the  control  processes. 
Other  fingers  were  controlled  by  tactile  sensations  and  by  sensa- 
tions of  tendinous  and  muscular  strain.  The  visual  image  of  the 
movement  was  vague  and  exaggerated  both  in  its  amplitude  and 
accuracy.  Attention  oscillated.  Was  conscious  of  perfect  con- 
trol. The  visual  image  took  the  place  of  the  visual  perception. 
Kinaesthetic  perception  was  the  chief  control  process.  Articular 
sensations  were  localized  in  the  metacarpo-phalangeal  joint. 

Subject  S. 

Auditory-kinaesthetic  cue,  the  latter  being  much  stronger. 
Had  hand  adjusted  waiting  for  the  signal.  Kinaesthetic  percep- 
tion of  the  ring  finger  and  visual  image  of  it  were  the  control 
factors.  Could  not  decide  which  was  the  stronger.  Movement 
was  more  irregular  than  usual,  but  the  other  fingers  did  not 
move.  Slight  strain  in  the  ring  finger.  Other  fingers  were  held 
down  by  tendinous  and  muscular  tension  and  by  sensations  of 
touch  as  they  lay  on  the  table. 

c.  Summary  of  Results  of  Blindfold 
Visual  perception  as  a  control  factor  was  of  course  completely 
eliminated  by  the  use  of  the  blindfold;  those  subjects  that  relied 
on  visual  control  were  stimulated  to  try  and  substitute  the  visual 
image  for  visual  perception.  One  subject  was  able  to  make  this 
substitution  at  once — using  the  visual  image  both  as  a  starting 
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cue  and  the  principal  element  of  control.  The  blindfold  caused 
great  disturbance  in  the  inhibitory  control  for  the  other  subjects 
thus  indicating  the  essential  role  of  visual  perception  in  their 
motor  coordinations.  After  a  subject  had  gained  sufficient  con- 
trol of  the  group  to  withdraw  his  attention  from  the  members 
whose  movements  he  wished  to  inhibit,  any  non-voluntary  move- 
ment of  the  latter  attracted  attention  to  them  again. 

2.  Blindfold,  Metronome  and  Counting 

a.  Introspective  Reports 

Subject  G. 

Kinaesthetic  image  of  the  movement  was  the  starting  cue. 
Vivid  kinaesthetic  perception  of  the  ring  finger,  but  vivid  visual 
images  of  both  the  ring  finger  and  the  metronome  were  present 
throughout  the  test.  Other  fingers  were  kept  down  on  the  table 
by  pressure.  Had  a  visual  image  of  them.  Attention  was  pri- 
marily on  keeping  with  the  rhythm  of  the  metronome,  and  sec- 
ondarily on  the  amplitude  of  the  movement.  Had  articular 
sensation  in  the  metacarpo-phalangeal  joint,  and  tendinous  sen- 
sation in  the  first  phalanx  of  the  ring  finger. 

Subject  Sn. 

Auditory-kinaesthetic  cue.  Had  a  kinaesthetic  image  of  the 
upward  movement  before  it  began.  Movement  was  controlled 
at  first  by  visual  image  of  the  ring  finger,  and  then  the  idea  of 
the  rhytlun  of  the  metronome  and  of  keeping  time  with  it  were 
the  principal  factors  of  control.  The  visual  image  still  continued, 
and  also  vague  kinaesthetic  perception.  The  other  members  of 
the  group  were  relaxed  and  so  little  attention  was  paid  to  them. 
Attention  was  centered  on  the  movement  and  on  the  metronome. 

Blindfold  and  Counting  Series 
Subject  G. 
Kinaesthetic  cue.     Had  a  vivid  visual  image  of  ring  finger 
throughout  the  whole  trial,  and  also  vague  visual  image  of  the 
group.     IJeard  the  rhythm  of  the  movement  all  the  time — the 
thimbles  hitting  the  table.    Had  a  tendency  to  make  the  counting 
twice  as  fast  as  the  movement,  and  had  to  keep  pausing  to  keep^ 
from  doing  this.    Movement  was  controlled  by  kinaesthetic  per- 
ception of  the  ring  finger.    It  was  easier  to  count  regularly  than 
to  keep  the  movement  regular.     Other  members  of  the  group 
were  not  in  consciousness.    Attention  was  centered  on  the  ampli- 
tude and  regularity  of  movement.    Muscular  strain  in  forearm. 
Counted  to  in. 
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Subject  Sn. 

Auditory  cue.  Counted  and  moved  together.  Controlled  the 
movement  by  counting  and  by  kinaesthetic  perception — articular 
sensation  in  the  metacarpo-phalangeal  joint  of  the  ring  finger. 
Attention  was  on  the  regularity  of  the  movement — both  the 
amplitude  of  the  curve  and  the  distance  between  the  waves  as 
shown  on  the  record.  Paid  little  attention  to  the  other  fingers — 
knew  they  were  on  the  table  by  sense  of  touch.  Sn.  counted  just 
as  she  moved — could  not  count  otherwise.  Could  not  separate 
movement  and  counting.  Once  when  she  lost  breath  in  counting, 
she  held  the  finger  back  until  counting  began.  Counted  to  121. 
b.  Summary  of  Restdts  of  Blindfold,  Metronome  and  Counting 

Neither  the  metronome  sounds  nor  the  counting  affected  the 
initial  cue  of  the  subjects.  The  method  of  control  was  essen- 
tially the  same  as  before.  The  counting  greatly  distracted  one 
subject,  so  that  he  was  not  able  to  inhibit  the  movement  of  the 
other  members  of  the  group.  Another  could  not  separate  the 
counting  and  the  movement;  the  two  rhythms  ran  together.  A 
third  tended  to  do  the  same,  but  with  great  effort  he  was  able  to 
separate  them.  Four  of  the  subjects  counted  faster  than  they 
moved.  The  counting  caused  oscillation  of  attention  between 
the  counting  and  the  moving.  Attention  seemed  always  to  go  to 
the  less  automatic  process — to  the  point  where  new  adjustments 
were  needed. 

3.  Series  Blindfolded,  Reciting  Poetry,  with  Metronome 

(Rate  changed  from  84  to  48  and  back  again  from  48  to  84) 
2L.  Introspective  Reports 
Subject  G. 
Cannot  remember  starting  at  all.    No  visual  image  of  move- 
ment.   Vague  kinaesthetic  perception  of  moving  finger.    Atten- 
tion oscillated  from  trying  to  repeat  the  poem  and  trying  to 
listen  to  metronome.    Embarrassed  by  not  keeping  the  rhythms 
together.    Tended  to  keep  the  rh3rthm  of  metronome  and  poem 
together  rather  than  finger  and  metronome. 

Subject  Sn. 
Auditory  cue.     Attention  was  focused  on  repeating  poem. 
Controlled  moving  finger  by  rhythm  of  metronome.    Great  ten- 
dency to  recite  rapidly  when  the  metronome  was  moving  fast  and 
slowly  when  the  metronome  was  moving  slowly.     Difficulty  in 
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keeping  from  reciting  rhythmically.     Conscious  of  good  con- 
trol.   Little  attention  to  fingers.    Much  amused. 

Subject  M. 
Auditory  cue.    Kinaesthetic  control  of  ring  finger.    Attention 
on  rhythm  of  metronome.     Conscious  of  movement  of  little 
finger. 

Subject  P. 
Auditory  cue,  but  it  was  not  distinct.    Kinaesthetic  control  of 
ring  finger.    Attention  was  focused  on  reciting  the  poem.    Not 
conscious  of  other  fingers. 

Subject  R 
Auditory  cue.    Attention  oscillated  between  the  reciting  of  the 
poem  and  the  tick  of  the  metronome,  and  the  ring  finger.    Con- 
scious of  imperfect  control.     Vague  kinaesthetic  perception  of 
moving  finger.    No  visual  image. 

Subject  S. 
Auditory  cue.     Attention  on  keeping  rhythm  of  movement 
with  rhythm  of  metronome.    Conscious  of  the  movement  of  lit- 
tle finger  by  sensation  of  touch  and  by  kinaesthetic  perception. 

b.  Summary  of  Introspective  Reports 
In  the  tests  preceding  these  in  which  a  familiar  poem  was 
repeated  during  the  movement,  the  subjects  were  directed  to 
move  with  the  rhythm  of  the  metronome.  In  the  poem  test,  the 
subjects  still  kept  time  with  the  metronome,  but  tried  to  isolate 
the  vocal  control  from  the  control  of  the  finger.  This  necessarily 
caused  oscillation  of  attention,  and  in  listening  to  the  metronome 
the  subject  would  drift  into  the  rhythm  of  the  metronome  in 
reciting  the  poem.  This  oscillation  caused  some  embarrassment 
at  first  and  imperfect  control,  but  after  a  few  trials  the  control 
became  perfect  and  automatic.  The  reports  show  that  the  sub- 
jects depended  chiefly  upon  auditory  control  processes. 

4.  Reading  Prose 

a.  Introspective  Reports 

Subject  G. 
Kinaesthetic  cue,  but  started  before  the  signal  was  given.  Be- 
came interested  in  the  reading  and  paid  little  attention  to  the 
movement,  which  was  controlled  by  kinaesthetic  perception.  Had 
an  occasional  visual  image  of  the  ring  finger.  Wondered  if  she 
should  not  be  asked  how  much  she  remembered  of  what  she  read. 
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Wondered  if  she  was  reading  intelligibly,  and  if  record  was  regVL- 
lar.    Reading  did  not  affect  movement. 

Subject  P. 
Attention  was  concentrated  on  the  reading  and  it  was  diffi- 
cult to  determine  what  the  starting  cue  was — but  started  with  the 
signal  bell.  Attention  oscillated  between  the  fingers  and  the 
reading,  but  for  the  most  part  it  was  on  the  latter — ^both  the 
words  and  thought.  GkDt  the  thought.  Movement  of  the  ring 
finger,  which  was  almost  automatic,  was  controlled  by  vague 
kinaesthetic  perception  of  it.  Articular  sensation  in  the  meta- 
carpo-phalangeal  joint.  Other  fingers  were  rigid  at  first,  and 
then  they  were  hardly  in  consciousness. 

b.  Summary  of  Results  of  Reading  Prose 
The  reading  of  easy  prose  sometimes  caused  the  attention  to 
oscillate  between  the  reading  and  the  movement  of  the  finger  or 
between  the  reading  and  the  sound  of  the  metronome.  There 
was  a  tendency  to  read  faster  when  the  metronome  changed  from 
slow  to  fast  and  vice  versa.  There  was  not  so  much  tendency  to 
read  rhythmically  as  there  was  when  the  poem  was  recited,  but 
it  required  more  practice  to  acquire  automatism  than  in  the  pre- 
vious series,  and  there  was  a  greater  oscillation  of  attention  of 
four  of  the  subjects;  while  the  attention  of  the  other  two 
(ladies)  oscillated,  it  was  more  strongly  concentrated  on  the 
reading.  The  visual-articulatory  distraction  of  reading  the  easy 
prose  caused  more  disturbance  of  the  control  than  the  recall- 
articulatory  distraction  of  reciting  the  familiar  poem. 

Series  III.  Pressure  Curve 
a.  Object  of  Pressure  Test 
The  reports  from  several  of  the  subjects  in  the  tests  described 
above  raised  the  question  as  to  the  importance  of  pressure  as  an 
element  of  the  process  of  inhibition,  as  they  frequently  reported 
that  the  middle  and  little  fingers  were  controlled  by  means  of 
pressure  on  the  tips  of  the  fingers.  In  order  to  obtain  an  ob- 
jective record  of  the  pressure  of  these  fingers,  to  compare  the 
relative  value  of  the  methods  of  relaxation  and  contraction,  to 
show  the  relative  amount  of  pressure  used  in  inhibition  during 
the  learning  process,  the  effect  of  rate  on  pressure,  and  the  rela- 
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tion  of  rate  to  fatigue,  three  new  groups  of  six  subjects  each 
were  selected.    All  were  right  handed. 

I.  Group  I 

O.,  Sc,  and  G.  had  had  no  preliminary  training  in  finger  move- 
ments. M.  had  taken  a  few  piano  lessons  when  a  little  girl  but 
had  practiced  none  since.  Motor  control  was  naturally  easy  for 
her.  S.  used  a  typewriter  occasionally  but  had  never  taken 
lessons.  V.  had  never  taken  piano  lessons  but  amused  himself 
occasionally  by  playing. 

Three  of  the  subjects,  V.,  Sc,  and  S.,  were  instructed  to  relax 
their  fingers,  and  the  other  three,  O.,  G.,  and  M.,  to  keep  their 
fingers  rigid,  the  antagonistic  muscles  being  kept  tense.  The 
subjects  were  instructed  to  move  the  tip  of  the  ring  finger,  using 
the  metacarpo-phalangeal  joint  as  a  pivot,  through  the  space  of 
two  centimeters  at  the  rate  of  two  times  per  second  for  one 
hundred  seconds.  After  resting  for  three  minutes,  a  second 
test  was  given.  The  amplitude  was  somewhat  irregular  because 
the  subjects  were  not  able  to  judge  accurately  the  distance, 
b.  Variation  of  Pressure 

During  the  first  stages  of  the  learning  process  the  amount  of 
pressure  varied  greatly  during  each  test;  the  pressure  curve 
showed  sudden,  sharp,  and  irregular  changes.  But  after  the 
subjects  learned  to  inhibit  the  movements  of  the  little  and  middle 
fingers,  the  pressure  curve  remained  practically  constant  and  the 
amount  of  pressure  was  very  slight.  Two  of  the  subjects  re- 
sorted to  the  expedient  of  pressing  down  the  palm  of  the  hand 
or  the  thumb  in  order  to  keep  from  pressing  down  on  the  pegs 
which  supported  the  middle  and  little  fingers.  The  pressure 
curve  of  the  subjects  that  were  instructed  to  relax  was  more 
regular  and  less  in  extent  than  the  curve  of  those  who  were 
directed  to  keep  their  fingers  rigid. 

c.  Summary  of  Individual  Reports 

The  mental  antecedents,  or  cues,  that  initiated  the  movement 
of  the  ring  finger  in  each  case  were  essentially  the  same  as  those 
reported  in  the  previous  series.  The  auditory  cue,  however,  was 
reported  more  frequently  than  any  other  during  this  series.  One 
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reagent  always  innervated  his  finger  so  far  as  to  be  ready  for 
the  signal  which  seemed  to  touch  off  the  movement.  Another 
always  had  a  visual  image  of  the  movement  that  he  was  about 
to  make. 

The  mental  processes  that  accompanied  the  movement  of  the 
ring  finger  varied.  One  reagent  repeated  mentally  "up,  down", 
which  seemed  to  be  his  chief  element  of  control.  He  was  con- 
scious of  tactile  sensations  in  the  tip  of  the  finger  and  sometimes 
reported  sensations  of  strain  in  the  metacarpal  region  near  the 
metacarpo-phalangeal  joint,  but  as  a  rule  the  kinaesthetic  sensa- 
tions did  not  rise  above  the  threshold.  Other  reagents  reported 
tactile,  articular,  and  kinaesthetic  sensations  as  elements  of  con- 
trol. The  non-moving  fingers,  during  the  learning  process,  were 
controlled  by  slight  contraction  of  the  antagonistic  muscles. 

Fatigue  usually  began  to  appear  at  the  end  of  eighty  to  one 
hundred  seconds  when  the  subjects  were  required  to  move  at  the 
rate  of  one  hundred  and  twenty  times  per  minute ;  and  when  they 
were  required  to  move  for  a  longer  period  at  that  rate  the  sub- 
jects could  not  as  a  rule  inhibit  the  movement  of  the  other 
fingers.  When  only  three  or  four  minutes  intervened  between 
two  tests,  the  inhibition  of  tlie  little  and  middle  fingers  was  not 
so  good  during  the  second  trial  as  in  the  first  on  any  given  day. 
Articular  sensations  were  usually  localized  in  or  near  the  meta- 
carpo-phalangeal joint  and  as  fatigue  increased,  tendinous  and 
muscular  sensations  were  felt  in  the  metacarpal  and  carpal  re- 
gions and  in  some  instance  sensations  of  strain  were  experienced 
in  the  fore-arm. 

Automatism  was  acquired  more  rapidly  by  the  subjects  that 
were  instructed  than  by  those  that  were  not  instructed  in  the 
series  described  above.  Twenty-five  to  thirty  trials  were  re- 
quired to  gain  complete  automatism.  The  reagents  that  were 
instructed  to  hold  their  fingers  rigid  required  about  twenty  per 
cent  more  trials  than  those  that  were  instructed  to  relax. 

2.  Group  II 
a.  Right  Hand  Relaxed 

The  six  subjects  of  this  group  began  the  tests  with  the  fingers 
of  the  right  hand  and  were  instructed  to  relax  and  move  at  the 
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rate  of  132  per  second.  As  fast  as  control  was  gained,  the  rate 
was  increased  to  a  point  where  the  subject  could  not  inhibit  the 
movement  of  the  other  fingers  and  practice  was  continued  at  the 
faster  rate  until  control  was  gained.  This  process  was  con- 
tinued until  the  subject  gained  control  at  the  fastest  rate  possible, 
and  then  a  rate  faster  than  tlie  subject  could  move  and  control 
the  other  fingers  was  required. 

b.  Left  Hand  Contracted 

When  control  was  practically  perfect  with  the  right  hand  re- 
laxed, the  subjects  of  Group  II  were  given  tests  with  the  fingers 
of  the  left  hand  contracted.  The  rate  was  increased  as  stated 
above.  Comparison  of  these  tests  with  Group  III,  using  right 
hand,  fingers  relaxed,  is  given  below. 

Group  II  gained  control  with  fingers  relaxed  considerably 
faster  than  Group  III,  fingers  contracted.  This  might  seem  to 
be  due  to  the  fact  that  Group  II  used  the  right  hand  while 
Group  III  used  the  fingers  of  the  left  hand;  but  when  the  in- 
structions were  reversed,  the  relaxed  fingers  gained  control 
more  quickly  than  those  that  were  contracted.  On  the  whole, 
our  experiments  seem  to  show  that  control  is  gained  more  quickly 
when  the  fingers  are  relaxed  during  the  learning  process. 

As  shown  in  Group  I,  the  pressure  curve  becomes  smaller  with 
practice,  and  is  very  ^mall  after  the  subject  has  gained  control 
and  moves  at  a  moderate  rate;  and  when  perfect  inhibition  is 
attained,  the  pressure  curve  becomes  a  straight  line,  showing  a 
slight  degree  of  pressure;  but  when  the  reagent  is  required  to 
move  fast  enough  to  require  effort,  the  pressure  curve  tends  to 
increase  in  extent  and  to  mark  time  with  the  moving  finger. 
When  the  inhibition  is  incomplete,  pressure  is  always  shown  to 
be  present  in  all  normal  tests.  Three  of  our  subjects,  that  were 
acquainted  with  the  object  of  our  tests,  avoided  pressure  on  the 
tips  of  the  fingers  by  pressing  down  on  the  palm  of  the  hand. 

c.  Effect  of  Rate  on  Pressure  and  Fatigue 
The  eflFect  of  rate  on  pressure  was  marked.    When  the  subject 
first  b^ns  to  learn  the  movement,  pressure  is  shown  at  each 
movement  by  the  inhibited  fingers,  but  the  irregularity  of  the 
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pressure  curve  gradually  disappears  by  practice  at  the  slower 
rate.  By  increasing  the  rate,  the  pressure  curve  rapidly  in- 
creases, and  tends  to  conform  to  the  symmetry  of  the  curve  made 
by  the  moving  finger.  As  the  maximum  rate  is  approached,  the 
pressure  curve  suddenly  increases  in  amplitude  and  conforms  in 
time  to  that  shown  by  the  moving  finger.  When  the  rate  is 
faster  than  that  at  which  the  subject  can  move  the  ring  finger 
and  inhibit  the  movement  of  the  other  fingers,  the  pressure  curve 
becomes  irregular  both  in  amplitude  and  rate. 

Speaking  broadly,  we  find  that  as  the  rate  increases  in  an 
arithmetical  ratio,  fatigue  increases  in  a  geometrical  ratio.  When 
the  subject  was  required  to  move  at  the  fastest  rate  possible,  ex- 
treme fatigue  occurred  at  the  end  of  fifty  or  sixty  seconds,  and 
the  amplitude  of  the  curve  was  greatly  reduced  and  frequently 
the  subject  was  compelled  to  stop  moving  the  finger  because  of 
exhaustion.  After  a  given  rate  becomes  well  automatized,  move- 
ment may  continue  for  a  considerable  time  without  fatigue.  A 
rate  that  is  easy  for  one  subject  may  be  utterly  impossible  for  a 
subject  of  a  different  type.  When  the  subjects  were  required  to 
'contract,'  fatigue  was  experienced  more  quickly  than  in  the 
tests  in  which  they  were  instructed  to  relax.  In  some  instances 
the  fatigue  became  so  painful  at  the  end  of  eighty  or  ninety  sec- 
onds that  the  subject  was  compelled  to  stop.  As  a  rule,  the 
amplitude  of  the  curve  shown  by  the  moving  finger  was  less 
during  contraction  than  during  relaxation,  and  the  pressure 
curve  was  greater. 

3.  Group  III 

a.  Left  Hand  Contracted 

Group  III  of  the  Pressure  Curve  Series  began  with  the  fingers 
of  the  left  hand  contracted  and  with  a  rate  of  sixty  per  minute; 
the  rate  was  gradually  increased  as  soon  as  the  subjects  gained 
approximate  control,  until  a  point  was  reached  at  which  the 
subjects  could  go  no  faster  and  keep  control  of  the  non-moving 
fingers. 

b.  Right  Hand  Relaxed 

Group  III  required  approximately  twenty  per  cent  more  time 
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to  gain  automatism  by  the  method  of  contraction  with  the  left 
hand  than  Group  II  by  the  method  of  relaxation  with  the  right 
hand.  But  when  Group  II  used  the  fingers  of  the  left  hand 
contracted,  and  Group  III,  the  fingers  of  the  right  hand  relaxed, 
the  former  required  twenty  per  cent  more  tests  than  the  latter, 
c.  Methods  Compared 
All  our  tests  accordingly  seem  to  show  that  relaxation  is  the 
better  method.  In  both  cases,  when  change  was  made  from  right 
hand  to  left  and  from  left  to  right  and  the  method  reversed,  it 
required  approximately  but  half  as  much  time  to  gain  control 
after  the  process  had  been  learned  by  the  fingers  of  the  other 
hand.  The  effects  of  cross  education  were  thus  apparent  even 
though  the  method  was  reversed. 

Table  Showing  Number  of  Tests  Requised  to  Gain  Control 


Group  II 

Right  Hand  Relaxed 

Left  Hand  Contracted 

Subject 

Rate              Tests 

Rate               Tests 

Cr. 

13^—206              31 

60—200              20 

B. 

13^—208              18 

144—208              22 

(D. 

132—208              12 

144—208              10 

F. 

132—208              22 

60-^08              12 

M. 

120—192              28 

60—184              19 

R. 

120 — ig2             27 

60—192              16 

Table  Showing  Number  op  Tests  Required 

TO  Gain  Control 

Group  III 

Left  Hand  Contracted 

Right  Hand  Relaxed 
Rate              Tests 

Subject 

Rate              Tests 

Br. 

60—208              35 

60—192              i6 

Bu. 

60—200              30 

60—200              15 

C 

60—200              38 

60—200              19 

Cu. 

60—208              32 

60—208              14 

G. 

60—184              26 

60—192              14 

W. 

60—208              29 

60—208              17 

Series  IV,  Fingers  Unsupported 
I.  Preliminary  Statement 
The  introspective  reports  from  certain  subjects  in  Series  I,  II, 
and  III  showed  that  tactile  and  pressure  sensations  due  to  the 
contact  of  the  fingers  with  the  table  were  factors  of  the  control 
processes  in  each  series.  Another  set  of  experiments  in  which 
the  hand  was  unsupported  except  just  above  the  carpal  joint, 
was  planned  in  order  to  test  further  the  nature  and  value  of  the 
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tactile  and  pressure  elements  as  factors  of  the  control  processes. 
For  this  purpose  a  group  of  seven  new  subjects  was  selected. 
Both  right  hand  and  left  hand  series  were  given.  During  the 
right  hand  tests,  the  reagents  were  instructed  to  relax  the  muscles 
controlling  the  fingers;  in  the  left  hand  tests,  they  were  in- 
structed to  contract.  The  introspective  reports  of  the  subjects 
in  the  right  hand  finger  movements  are  given  below : 

2.  Introspective  Reports 
Eyes  Open 

Subject  J. 

At  the  first,  the  experiment  of  moving  the  ring  finger  inde- 
pendently of  the  other  fingers  seemed  impossible.  The  visual 
image  came  to  the  front  first,  showing  how  the  finger  would  look 
when  pushed  down.  Then  the  kinaesthetic  sensations  [or  images] 
located  in  the  muscle  on  the  under  side  of  the  finger,  seemed  to 
pull  the  finger  down.  The  other  fingers  moved  down,  too,  to 
some  extent,  out  of  sympathy.  Soon  a  keen  sensation  of  fatigue 
on  the  inside  of  the  pahn  and  forearm  made  it  nearly  impossible 
to  move  the  finger. 

After  a  number  of  experiments  the  fatigue  and  kinaesthetic 
sensations  almost  disappeared.  Part  of  the  time  the  rhythm  of 
the  tactile  sensations  in  the  tip  of  the  finger  helped  the  control. 
Then  the  kinaesthetic  and  visual  elements  returned,  and  finally 
the  movement  became  automatic. 

Subject  M. 

Finger  was  innervated  ready  for  the  signal  and  so  moved  at 
the  sound  of  the  bell.  Kinaesthetic  sensations  were  felt  in  the 
volar  side  of  first  phalanx  and  in  the  metacarpo-phalangeal  joint. 
Had  a  vague  visual  percept  of  the  movement.  Tactile  sensations 
in  the  tip  of  the  ring  finger  were  elements  of  control.  Was  not 
conscious  of  middle  finger,  but  conscious  of  tactile  sensations  in 
tip  of  little  finger  where  it  touched  the  thimble. 

Subject  P. 

A  visual  image  of  the  required  movement  immediately  fol- 
lowed the  signal.  Visual  perception  controlled  the  moving 
finger  at  first,  and  then  kinaesthetic  sensations  seemed  to  be  the 
principal  elements  of  control.  The  muscles  of  the  other  fingers 
were  felt  to  be  contracted,  but  they  did  not  move.  Watched  the 
movement  at  first  with  reference  to  some  spot  on  the  table  in 
order  to  regulate  the  distance.  When  the  finger  was  not  looked 
at,  tactile  and  kinaesthetic  perception  guided  the  movement. 


Digitized  by 


Google 


VOLUNTARY  ISOLATION  OF  CONTROL  39 

Subject  S. 

A  visual-kinaesthetic  image  preceded  the  movement  which  was 
controlled  by  visual  and  kinaesthetic  perception.  Other  fingers 
were  out  of  consciousness  most  of  the  time.  Arm  became 
fatigued  before  the  close  of  the  test.  The  kinaesthetic  sensations 
were  localized  in  the  volar  side  of  finger  from  the  tip  of  the 
metacarpo-phalangeal  joint. 

Subject  A. 

Kinaesthetic  image  always  preceded  the  movement  which  was 
controlled  by  kinaesthetic  perception.  The  other  fingers  dropped 
more  and  more  out  of  consciousness.  There  seemed  to  be  a 
peculiar  connection  between  the  kinaesthetic  sensations  and  the 
rhythms  of  the  time-marker  and  the  motor. 

Subject  F. 

Finger  was  innervated  ready  to  move,  and  the  signal  simply 
touched  it  off.  There  seemed  to  be  a  tactile  image  of  the  ring 
immediately  preceding  the  movement,  but  it  could  hardly  be 
distinguished  from  the  real  sensation.  Tactile  sensations  in  the 
tip  of  the  finger  and  kinaesthetic  sensations  in  its  volar  side  were 
the  elements  of  control.  Sensations  of  fatigue  were  felt  in  the 
hand  and  forearm.    Other  fingers  were  not  in  consciousness. 

Subject  G. 

The  initial  cue  was  a  visual-kinaesthetic  image.  Visual  and 
kinaesthetic  perception  of  the  moving  finger.  The  kinaesthetic 
sensations  were  felt  in  the  metacarpo-phalangeal  joint,  and  sen- 
sations of  fatigue  in  the  hand,  wrist,  and  forearm.  Other  fingers 
dropped  out  of  consciousness  after  control  was  attained.  The 
kinaesthetic  sensations  seemed  to  be  the  principal  elements  of 
the  control  process. 

3.  Sumtnary  of  Introspective  Reports 
The  initial  cue  and  the  control  of  the  moving  finger  do  not 
differ  essentially  from  those  in  the  former  series.  More  practice 
was  required  to  learn  to  inhibit  the  movements  of  the  other 
fingers  than  in  the  series  in  which  the  fingers  were  supported  on 
the  table.  The  pressure  sensations  were  eliminated,  but  the 
tactile  sensations  produced  by  the  thimbles  continued  to  be  ele- 
ments of  control,  though  not  so  valuable  as  those  produced  by 
contact  with  the  table.  The  kinaesthetic  sensations  did  not  differ 
essentially  from  those  described  in  the  former  series :  they  were 
localized  chiefly  in  the  volar  side  of  the  phalanges,  and  in  the 
metacarpo-phalangeal  joint. 
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The  value  of  support  and  of  the  contact  of  the  fingers  with  the 
table  is  shown  by  the  fact  that  in  the  unsupported  series,  the  num- 
ber of  tests  required  to  gain  control  and  inhibit  needless  move- 
ment was  more  than  twice  that  necessary  in  the  tests  in  which 
the  hand  lay  flat  on  the  table.  It  was  difficult  for  the  subject  to 
hold  the  non-moving  fingers  in  a  given  position,  even  when  watch- 
ing them. 

The  rate  of  two  times  per  second  was  required  of  each  subject, 
and  caused  fatigue  when  continued  for  over  a  hundred  seconds. 
Sensations  of  fatigue  were  felt  not  only  in  the  finger  and  in  the 
metacarpo-phalangeal  joint  but  frequently  in  the  metacarpal  and 
carpal  regions,  and  even  in  the  forearm.  When  the  rate  was 
made  faster  than  two  per  second,  control  became  more  difficult. 
When  the  metronome  was  set  at  i8o,  the  reagent  in  order  to  re- 
tain control  dropped  his  movement  back  to  90,  accenting  each 
alternate  tick.  All  the  subjects  acquired  control  up  to  130,  but 
above  that  rate  control  seemed  impossible  for  them. 

The  average  time  required  by  the  seven  subjects  to  secure 
automatism  was  fifty  tests,  or  twenty-five  days,  two  tests  being 
given  each  day.  Two  of  the  reagents  acquired  control  in  thirty 
tests,  while  two  others  required  fifty,  and  one  required  seventy. 
The  time  required  to  gain  automatism  in  the  unsupported  series 
is  thus  found  to  be  approximately  twice  that  of  the  series  in  which 
the  hand  is  supported  on  the  table,  the  subjects  being  instructed  to 
relax  in  each  case. 

Fatigue  naturally  occurred  more  quickly  when  the  subjects 
were  required  to  move  rapidly,  and  while  they  were  learning  the 
movement.  The  sensations  of  fatigue  were  felt  first  in  the  volar 
side  of  the  finger  in  the  first  phalanx,  the  metacarpo-phalangeal 
joint,  the  metacarpals,  the  wrist,  and  the  forearm,  in  the  order 
named — extending  from  the  finger  toward  the  arm  and  shoulder 
as  the  fatigue  increased. 

The  reagents  were  instructed  to  move  the  finger  a  distance  of 
two  centimeters  as  in  the  former  tests.  It  was  thought  best  not 
to  move  a  longer  distance  in  the  unsupported  tests  than  the  sup- 
ported ones;  for  in  the  latter  it  is  not  easy  for  the  average  sub- 
ject to  move  a  greater  distance  without  straining  the  finger;  and 
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furthermore,  the  objective  records  are  not  easily  preserved  when 
the  distance  moved  is  more  than  two  centimeters. 

In  the  left  hand  tests  the  reagents  were  instructed  to  contract; 
control  was*gained  in  twenty  tests,  or  two-fifths  the  time  required 
for  the  right  hand.  In  the  iminstructed  series,  the  left  hand  re- 
quired only  one-tenth  as  many  tests  to  gain  automatism  as  the 
right  hand.  This  result  was  due  presumably  to  the  effect  of 
central  education.  If  this  inference  is  correct,  the  method  of 
relaxation  is  again  shown  to  be  better  than  that  of  contraction. 

GENERAL  SUMMARY  OF  PART  I 

1.  All  the  flexor  or  extensor  muscles  controlling  the  move- 
ments of  the  members  of  a  group  tend  to  contract  or  relax 
simultaneously.  On  the  physiolc^cal  side  there  is  a  diffusion  of 
the  nervous  impulse  to  the  muscles  whose  contractions  move  the 
several  members  of  the  group;  the  motor  discharge  affects  the 
muscular  tonus  of  the  whole  organism.  On  the  psychical  side, 
there  tends  to  be  a  diffusion  of  the  attention  to  the  several  mem- 
bers of  the  group. 

2.  The  problem  of  isolation  of  control  in  a  group  involves  the 
task  of  draining  the  motor  discharge  into  the  nerve  or  nerves 
controlling  the  muscles  concerned  in  moving  the  given  member. 
The  psychical  phase  of  the  problem  involves  the  development, 
direction,  and  control  of  attention. 

3.  The  inhibition  of  the  movement  of  the  other  members  of 
the  group  requires  attention  in  the  early  stages  of  the  process; 
the  field  of  attention  is  the  group  and  the  focal  point  is  usually 
the  moving  member  during  the  learning  process.  When  the  sub- 
ject learns  to  concentrate  his  attention  wholly  on  the  moving 
finger,  the  muscles  controlling  the  other  fingers  become  relaxed. 

4.  Inhibition  of  the  movement  of  a  part  of  the  members  of  a 
group  is  due  either  to  the  contraction  of  the  muscles  controlling 
the  inhibited  members  or  to  relaxation  following  upon  non-atten- 
tion to  them. 

5.  Learning  to  relax  is  a  necessary  prerequisite  both  to  volim- 
tary  movement  and  to  non-volimtary  inhibition.  General  relaxa- 
tion is  learned  by  learning  to  diffuse  the  attention — '%y  thinking 
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of  nothing,"  as  Professor  James  says.    Local  relaxation  may  be 
produced  by  fixed  attention  to  some  other  part  of  the  organism. 

6.  The  development  of  volmitary  control  and  the  inhiUting 
and  directii^  of  the  motor  discharge  are  two  phases  of  one  total 
process. 

7.  During  the  learning  process,  the  inhibited  members  exert  a 
certain  amount  of  pressure  which  gradually  approaches  zero  as 
the  movement  becomes  automatic. 

PART  II 
Interpretation  of  Results  and  General  Conclusion 

At  the  risk  of  undue  repetition  of  points  already  touched  upon, 
we  have  brought  together  in  the  following  paragraphs  a  few  of 
the  conclusions  regarding  the  "cues,"  the  "controls"  and  the 
essential  aspects  of  attention  and  inhibition  which  we  desire  to 
emphasize. 

I.  Imtial  Cue 

By  initial  cue  we  mean  the  immediate  mental  antecedent — ^sen- 
sation, perception,  or  image^-of  a  movement.  In  so  simple  a 
case  as  that  of  the  movement  of  a  finger,  it  is  not  always  easy  to 
determine  the  mental  processes  that  immediately  precede  the 
movement,  for  voluntary  activity  readily  passes  over  in  to  mere 
automatism.  But  during  the  learning  process,  our  tests  show 
that  the  mental  precursor  of  a  voluntcfry  act  is  characteristically 
sensation,  perception,  or  image  of  some  sort. 

We  tabulate  below  the  results  from  six  subjects  of  one  hun- 
dred consecutive  experiments  on  different  days.  The  terms  used 
in  the  table  have  their  ordinary  meaning  as  explained  in  Part  I. 
In  case  one  or  the  other  element  appeared  more  vivid,  we  have 
placed  it  first  in  the  table. 

Four  of  the  subjects  occasionally  reported  a  general  idea  of 
movement  as  their  initial  cue,  and  five  of  them  one  or  more  times 
that  the  movement  began  automatically.  The  results  given  in  the 
last  two  columns  of  the  table  seem  to  give  some  evidence  in  favor 
of  the  contention  of  Professor  Woodworth  and  others  that  a 
naked  thought  can  perfectly  well  perform  the  function  of  starting 
the  motor  machinery  in  action  and  determining  the  point  and 
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object  of  its  application.  But  this  occurs  only  after  automatism 
has  been  acquired,  and  not  during  the  learning  process.  It  is 
probably  fair  to  mention  the  fact  that  the  writer  when  acting  as 
subject,  never  reported  his  initial  cue  as  a  general  idea  or  as 
automatic.  This  may  be  due  to  his  prejudice  to  the  theory,  which 
prevented  his  perceiving  the  "naked  thought,"  since  all  the  other 
subjects  that  continued  the  work  to  the  end  seem  to  report  its 
presence  occasionally,  but  only  after  automatism  had  been  gained. 
The  one  hundred  tests  given  in  the  table  were  taken  after  the 
subjects  had  been  practicing  daily  for  nearly  three  months.  The 
accuracy  of  the  introspections  can  hardly  be  questioned.  The 
table  of  results  tells  its  own  story.  It  shows  that  almost  any  sort 
of  a  sensorial  image  or  idea — ^and  possibly  any  sort  of  an  idea — 
may  start  the  motor  machinery  after  the  process  has  become 
practically  automatic. 

THE  Initial  Table  Showing  Cue  op  One  Hundred  Tests  op  Movements 

OP  THE  Right  Finger 

One  Test  Being  Given  Each  Day 


Subject 

K 

V 

A 

V-K      A-K 

A-V     G-I 

Automatic 

G. 

65 

8 

18 

2          2 

2          0 

3 

Sn. 

4 

33 

76 

I           9 

I           6 

3 

M. 

17 

29 

40 

2           2 

0          6 

4 

P. 

40 

5 

3^ 

7         '6 

3           I 

2 

B. 

5 

10 

20 

41          18 

6          0 

0 

S. 

24 

18 

43 

I           8 

4           I 

I 

K      Kinacsthetic 

V       Visual 

A-K  Auditory-kinaesthetic 

A       Auditory 

A-V  Aiiditory-visual 

V-K  Visual-kinacsthctic 

G^    General  Idea 

2.  Control  Process 
By  the  control  process  we  mean  the  mental  factors  active  in 
guiding  the  moving  finger  in  rate,  regularity,  and  amplitude  of 
movement.  During  the  learning  process  kinaesthetic,  articular, 
tactual,  auditory,  or  visual  elements  were  present.  One  of  these 
factors  was  usually  more  vivid  than  the  others.  One  subject 
seemed  to  depend  upon  kinaesthetic  perception  to  guide  the  mov- 
ing finger  but  immediately  interpreted  the  situation  in  visual 
terms,  whether  the  eyes  were  open  or  closed.  Another  relied 
almost  wholly  on  visual  perception  or  visual  image  to  guide  the 
moving  finger. 
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Visual  control  does  not  always  mean  a  visual  perception  or  a 
visual  image  of  the  moving  finger.  The  subjects  frequently  con- 
trolled the  movement  of  the  finger  by  watching  the  recorder 
marking  the  curve  on  the  kymograph.  While  moving  the  finger 
in  the  horizontal  plane,  one  subject  controlled  the  movement  by 
watching  the  upright  rods  to  which  the  thimbles  were  attached. 
When  the  subjects  were  blindfolded,  they  substituted  the  visual 
image  for  the  visual  perception. 

The  kinaesthetic  factors  were  essentially  the  same  whether  the 
eyes  were  open  or  closed,  except  that  the  blindfold  usually  served 
to  bring  them  into  relief  and  thus  make  them  more  vivid.  The 
kinaesthetic  sensations  were  usually  localized  in  the  metacarpo- 
phalangeal joint  and  the  first  phalanx  and  metacarpal  of  the 
ring  finger. 

Sensations  of  strain  were  quite  frequently  localized  in  the 
wrist,  the  forearm,  and  in  the  region  of  the  scapula.  Only  one 
subject  reported  vivid  sensations  in  the  region  of  the  scapula. 

Tactile  perception  was  an  important  element  of  control  even 
more  than  our  introspections  would  seem  to  indicate.  It  enabled 
the  subjects  definitely  to  locate  the  position  of  the  finger  at  the 
beginning  and  end  of  each  movement. 

The  auditory  element  also  played  an  important  part,  especially 
with  movements  in  the  vertical  plane.  The  metal  thimbles  in 
coming  in  contact  with  the  table  at  the  end  of  each  movement 
made  a  slight  rhythmic  noise.  The  subjects  would  frequently 
regulate  their  movements  by  the  tick  of  the  time  marker.  As  we 
have  said  before,  when  a  metronome  was  used,  the  subject  moved 
his  finger  more  easily. 

The  mental  processes  accompanying  the  movements  depend 
upon  the  habits  and  mental  types  of  the  subjects.  By  voluntarily 
emphasizing  one  mental  process  it  may  be  made  the  principal 
factor  of  the  control  process.  But  if  the  subject  is  left  to  choose 
his  own  method  he  will  use  that  most  familiar  to  him. 

When  the  movements  became  well  automatized,  the  subject 
could  let  his  mind  run  to  the  ends  of  the  earth  without  affecting 
the  results.  Reading,  singing,  or  reciting  seemed  to  give  one 
subject  better  control  of  the  finger  movement. 
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3.  Attention 

In  order  to  succeed,  it  was  necessary  for  the  subject  to  con- 
centrate his  attention  on  the  idea  of  the  movement  to  be  made, 
making  it  as  definite  and  clear  as  possible.  During  the  first  stages 
of  the  experiment  it  was  found  necessary  to  keep  the  non-moving 
members  in  the  margin  of  the  field  of  attention  with  the  idea  in 
mind  that  they  must  not  be  moved. 

The  kind  of  imagery  to  which  the  attention  was  directed  de- 
pended as  already  indicated  upon  the  mental  type  of  the  subject. 
The  auditory,  kinaesthetic,  and  visual  in  the  order  named  were 
the  more  common. 

The  process  of  learning  to  attend  to  the  moving  member  was 
found  to  be  the  key  to  our  problem.  The  more  exclusively  the 
subjects  could  direct  their  attention  to  the  movement  to  be  made, 
at  the  same  time  dropping  out  of  consciousness  as  far  as  possible 
the  fingers  not  to  be  moved,  the  more  likely  was  the  desired 
movement  and  inhibition  of  movement  to  be  perfect.  While 
learning  to  attend  to  the  moving  finger,  the  subject  learned  to 
single  out  the  various  kinaesthetic  sensations  aroused  by  the 
movement.  He  learned  to  distinguish  and  localize  the  tendinous, 
muscular,  and  articular  sensations.  These  elements  once  brought 
into  the  focal  point  of  consciousness  became  clear  and  definite. 

When  the  tests  were  continued  for  a  longer  period  than  eighty 
to  one  hundred  seconds,  the  subject  was  unable  to  concentrate  his 
attention  on  the  movement  and  the  consequence  was  loss  of 
control.  When  the  subject  was  fatigued  either  mentally  or  physi- 
cally by  overwork  before  the  experiment  began,  poor  results  usu- 
ally followed — due  as  a  rule  to  oscillation  of  attention. 

4.  Inhibition 

We  observed  three  rather  definitely  marked  stages  of  the  in- 
hibitory process  in  our  problem : 

1.  The  stage  of  contraction  of  the  antagonistic  muscles. 

2.  The  stage  of  partial  relaxation  of  the  muscles. 

3.  The  stage  of  complete  muscular  relaxation. 

We  use  the  term  inhibition  of  movement  as  synonymous  with 
prohibition  or  prevention  of  movement,  being  aware  of  the  fact 
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that  the  physiologist  calls  the  first  two  stages  innervation  of  the 
antagonistic  muscles,  and  the  third  stage  isolation  of  innervation. 

During  the  first  stage,  the  inhibition  of  the  movement  of  the 
little  and  middle  fingers  was  due  to  muscular  and  tendinous  ten- 
sion. When  these  two  fingers  happened  to  move,  kinaesthetic 
sensations  were  usually  localized  in  the  first  phalanges  and  in  the 
metacarpo-phalangeal  joints.  The  non-moving  members  were 
in  the  field  of  attention,  but  not  in  the  focus  imless  the  fingers 
moved.  Attention  being  focused  on  the  movement  of  the  ring 
finger,  consciousness  of  the  other  members  became  vaguer  and 
vaguer  from  test  to  test.  Finally  the  inhibited  members  became 
relaxed,  and  practically  dropped  out  of  consciousness.  The  con- 
sciousness of  the  non-moving  members  during  the  first  stage 
consisted  of  visual  images  of  the  fingers  or  visual  images  of  the 
record,  kinaesthetic  perception  of  them  (in  case  they  moved) 
and  muscular,  tendinous,  and  articular  sensations. 

The  second  stage  is  intermediate  between  the  first  and  third. 
The  muscles  are  partially  relaxed  and  the  muscular  and  tendinous 
sensations  are  vague  and  the  process  of  inhibition  is  approxi- 
mately perfect. 

During  the  third  stage,  the  fingers  are  relaxed  and  practically 
drop  out  of  consciousness  and  during  many  of  the  tests  dropped 
entirely  out. 

Tactile  perception  from  the  little  and  middle  fingers  reporting 
their  position  on  the  table  and  in  the  thimbles  was  an  element  of 
the  inhibitory  process.  Frequently  the  subjects  reported  that  the 
only  consciousness  that  they  had  of  the  moving  members  was 
due  to  tactile  sensations  of  the  table. 

Conclusion 
It  remains  to  summarize  briefly  the  results  of  the  various  tests 
cited  in  the  different  parts  of  his  paper.  Part  I  attempted  in  the 
first  place  to  throw  into  relief  the  mental  processes  utilized  in 
initiating  and  controlling  a  special  type  of  voluntary  movement 
when  no  suggestions  are  given  as  to  the  method  to  be  employed; 
and  in  the  second  place  to  determine,  under  like  conditions,  the 
mental  factors  involved  in  the  process  of  inhibition.    While  the 
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reagents  were  left  free  to  move  without  any  embarrassment,  the 
mental  type  of  each  determined  the  mental  factors  utilized  in 
initiating  and  controlling  the  movement.  With  practice,  how- 
ever, both  the  initial  cue  and  the  several  factors  of  control  could 
be  varied  at  will  by  the  reagent  by  volimtary  direction  of  the  at- 
tention ;  e.g.,  to  the  visual,  kinaesthetic,  tactile,  or  auditory  fac- 
tors. But  definite  ideational  or  sensorial  processes — or  both — 
were  present  so  long  as  the  movement  was  voluntary;  after  it 
became  automatic,  the  movement  could  be  initiated  by  means  of 
a  very  vague  idea  and  the  control  process  was  chiefly  below  the 
threshold  of  consciousness.  The  degree  of  automatism  differed 
considerably  in  the  several  individuals  of  the  five  groups  of 
reagents. 

In  the  distraction  experiments  of  Section  II,  the  problem  was 
to  test  the  effect  of  elimination  of  the  visual  factor,  and  also  the 
effect  of  centering  the  attention  on  the  tick  of  the  metronome,  on 
reading,  or  counting,  during  the  movement.  Those  reagents  that 
depended  upon  visual  perception  to  control  the  movement  learned 
quickly  to  substitute  the  visual  image  for  the  visual  percept  and 
were  able  to  get  on  almost  as  well  as  they  did  with  the  eyes  open. 
Sometimes  the  kinaesthetic  percept  was  immediately  followed  by 
a  visual  image.  When  the  reagent  gave  attention  to  the  rhythm 
of  the  metronome,  control  was  easy  and  good;  but  when  attention 
was  focussed  on  reading,  control  was  poor.  One  reagent,  how- 
ever, had  better  control  when  required  to  read  or  count  during 
the  movement.  In  this  particular  case,  finger  movements  were 
so  thoroughly  automatized  that  close  attention  to  the  fingers 
seemed  to  lessen  the  control. 

The  initial  cue  was  always  an  auditory,  visual,  tactile,  or  kin- 
aesthetic  sensation  or  image,  or  some  combination  of  these,  dur- 
ing the  learning  process.  Only  after  the  movement  had  become 
automatized  did  certain  of  our  subjects  report  a  general  idea  of 
the  movement  as  the  initiatory  cue. 

During  the  learning  process,  the  control  factors  of  the  moving 
finger  were  visual,  tactile,  kinaesthetic,  articular,  and  auditory, 
one  or  more  of  these  being  more  important  than  the  others,  ac- 
cording to  the  mental  type  of  the  subject.    But  as  the  movement 
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approaches  automatism,  the  subject  relies  on  the  kinaesthetic 
sensations  localized  in  the  metacarpo-phalangeal  joint  or  in  the 
first  j^alanxy  to  guide  the  moving  finger.  While  the  control 
factors  may  be  varied  to  some  extent  by  the  will  of  the  reagent, 
both  observation  and  introspective  reports  show  that  the  kinaes- 
thetic element  is  the  most  important.  Three  of  the  subjects  re- 
ported that  they  could  control  the  moving  finger  better  when 
they  did  not  pay  close  attention  to  it,  and  especially  when  they  did 
not  watch  its  movements. 

The  effect  of  rate  on  control  of  the  non-moving  fingers  showed 
great  individual  differences.  For  example,  one  of  the  reagents 
found  difficulty  in  inhibiting  the  other  fingers  when  the  rate  was 
slower  than  twice  a  second  while  another  found  it  difficult  to 
move  at  a  rate  faster  than  84  per  minute.  As  a  rule,  those  rea- 
gents that  take  active  part  in  athletics  or  command  muscular 
dexterities  like  piano  playing,  can  maintain  control  at  a  faster 
rate  than  others. 

Fatigue  was  increased  rapidly  with  the  increase  of  rate.  When 
the  rate  was  made  extremely  fast  for  a  given  reagent,  fatigue  be- 
came painful  brfore  the  expiration  of  a  minute.  But  as  we  have 
stated  in  another  place,  twice  a  second  was  very  fast  for  one 
subject  while  three  times  a  second  seemed  easy  for  another. 

The  value  of  support  and  tactile  sensations  were  shown  in  the 
"unsupported"  series.  The  results  of  that  series  seem  to  show 
that  when  these  elements  are  present  the  time  of  learning  control 
is  decreased  about  one  half.  The  tactile  element  was  important 
in  gauging  the  extent  of  the  movement  and  in  keeping  the  non- 
moving  members  in  position.  While  pressure  seemed  to  be  a 
means  of  resisting  the  overflow  of  motor  discharge  into  the 
nerves  controlling  the  muscles  of  the  inhibited  members,  increased 
rate  on  the  other  hand  increased  the  overflow  and  thus  tended 
to  prevent  control. 

In  the  distraction  experiments  of  Series  II,  Part  I,  the  reagent 
lost  control  for  a  time  until  he  learned  how  to  maintain  the 
double  process.  As  a  rule  attention  went  to  the  less  automatized 
process.  When  the  distraction  was  very  effective,  as  in  the  case 
of  reading  an  interesting  story,  the  movement  went  on  without 
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conscious  control.  However,  there  were  two  exceptions  to  this 
rule:  two  of  the  reagents  found  it  necessary  to  focus  attention 
on  some  factor  of  the  motor  process,  either  the  kinaesthetic  sen- 
sations localized  in  the  metacarpo-phalangeal  joint,  or  the  tactile 
sensations  localized  in  the  tips  of  the  fingers — the  latter  being 
the  more  important  factor  in  the  inhibition  process.  Certain  of 
the  subjects  relied  on  visual  perception  to  inhibit  the  movement 
of  the  fingers,  while  certain  others  reported  that  visual  percep- 
tion positively  hindered  both  movement  and  inhibition;  the  sec- 
ond group  were  composed,  however,  of  persons  whose  finger 
movements  were  well  automatized. 

Series  IV  emphasized  the  value  of  tactile  sensations  in  both 
control  of  movement  and  inhibition.  The  time  required  to  gain 
complete  control  of  movement  and  inhibition  was  approximately 
twice  that  of  the  other  series.  The  elimination  of  the  tactile  and 
pressure  elements  from  the  inhibitory  process,  compelled  the  sub- 
jects to  learn  to  rely  on  other  factors ;  this  took  time.  Relaxation 
and  contraction  were  the  methods  used. 

The  pressure  curve  was  rapidly  reduced  in  amplitude  by  prac- 
tice; but  a  sudden  increase  of  rate  greatly  increased  the  ampli- 
tude of  the  curve.  A  sudden  motor  discharge  thus  seems  to 
overflow  into  all  the  members  of  the  group  and  causes  or  tends 
to  cause  them  to  move.  This  overflow  is  controlled  by  practice 
up  to  a  certain  rate,  beyond  which  control  becomes  impossible; 
the  speed  cannot  be  maintained,  the  movement  becomes  irregu- 
lar, the  amplitude  decreases,  and  inhibition  becomes  impossible. 
The  limit  of  speed  varied  in  the  different  subjects.  Two  were 
able  to  make  almost  perfect  records  at  a  rate  of  208  per  minute 
while  others  were  not  able  to  go  beyond  192. 

Relaxation  of  certain  of  the  muscle  groups  is  an  essential 
part  of  the  acquirement  of  control.  The  methods  of  attaining 
relaxation  have  already  been  discussed. 
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FOREWORD 

The  following  contribution  will  interest  particularly  the  fol- 
lowing classes  of  readers : 

First,  psychological,  educational,  social  and  medical  examiners 
who  are  engaged  in  the  psycho-clinical  examination  of  children 
by  controlled  laboratory  tests.  Psycho-laboratory  examinations 
cannot  yield  trustworthy,  objective,  impersonal  data  tmless  the 
examiner  has  at  his  disposal  reliable  developmental  age-norms 
for  the  different  tests  which  he  is  using.  The  chief  aim  of  this 
monograph  is  to  supply  psycho-motor  age-norms  by  years  and 
half-years  for  the  form-board  which  is  in  most  frequent  use,  for 
different  types  of  children  and  grades  of  ability — for  bright, 
normal,  backward,  feeble-minded  and  epileptic  children. 

Second,  psychologists,  educators,  sociologists,  penologists  and 
physicians  who  are  interested  in  the  study  of  the  mental  differ- 
ences between  the  two  sexes,  and  between  children  of  different 
ages  and  different  degrees  of  capacity,  and  who  are  interested 
in  determining  the  dependence  of  variability  and  practice  upon 
the  factors  of  sex,  age  and  intelligence.  This  monograph  fur- 
nishes data  bearing  on  all  these  questions  from  an  intensive  study 
of  one  test. 

Acknowledgments  are  made  to  the  C.  H.  Stoelting  Company, 
of  Chicago,  and  to  the  Journal  of  Educational  Psychology  for 
their  courtesy  in  permitting  the  use  of  cuts. 

J.  E.  W.  W. 

April  I,  1915 
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CHAPTER  I 

INTRODUCTION 
Reasons  for  undertaking  the  investigation 

The  following  investigation,  begiin  in  February,  191 3,  and  . 
concluded  in  June,  1914,  was    undertaken    for   the    following 
reasons. 

First,  the  conviction  that  the  Seguin  form-board,  as  modified 
by  Norsworthy  and  Goddard,  is  one  of  the  most  valuable  pieces 
of  apparatus  in  the  entire  armamentarium  of  the  psycho-clinicist 


The  Modified  Seguin  Form-Board 

for  the  purpose  of  grading  psycho-motor  development.  An 
analysis  of  the  form-board  performance  indicates  that  the  form- 
board  tests  more  than  motor  ability ;  that  is,  an  individual's  abil- 
ity to  grasp  the  different  blocks  and  the  accuracy  and  speed  with 
which  he  can  convey  them  to  their  appropriate  recesses.  It  is 
also  a  test  of  "form  sense" ;  that  is,  the  ability  to  perceive  visually 
or  tactually,  the  differences  between  different  forms,  and  to  iden- 
tify a  set  of  solid  forms  with  a  corresponding  set  of  depressed 
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forms  or  recesses.  Finally,  the  form-board,  because  it  requires 
a  rapid  adjustment  to  a  novel  and  complicated  situation,  is  an 
excellent  test  of  intelligence.  It  affords  a  controlled  means  of 
observing  an  individual's  reaction  characteristics  in  the  presence 
of  a  new  situation,  and  of*  measuring  his  capacity  for  makii^ 
appropriate  adaptive  responses.  Hence  we  are  justified  in  speak- 
ing of  the  form-board  test  as  a  test  of  form  perception,  move- 
ment and  intelligence* — that  is,  of  psycho-motor  development 

That  there  is  urgent  need  for  reliable  motor  or  psycho-motor 
tests  arises  from  the  fact  that  it  is  inadvisable  or  dangerous  to 
attempt  to  gauge  a  child's  mentality  purely  by  intelligence  tests, 
particularly  by  means  of  the  scales  at  present  available.  No 
system  of  intelligence  tests  in  present  use  suffices  for  a  compre- 
hensive survey  of  mentality  by  means  of  tests,  because  practically 
all  systems  largely  if  not  entirely  ignore  a  phase  of  mentality 
which  it  is  most  important  to  estimate  accurately,  namely  motor 
or  psycho-motor  capacity.  We  need  comprehensive  scales  of 
motor  capacity,  no  less  than  of  intellectual  development.  Possi- 
bly we  shall  find  it  expedient  eventually  to  combine  a  variety  of 
motor  and  intellectual  tests  into  one  comprehensive  psycho-motor 
scale.  In  any  case,  tests  of  doing  should  not  be  omitted  in 
laboratory  investigations  of  mentality. 

Second,  the  conviction  that  the  form-board  cannot  render  its 
highest  service,  namely  the  grading  of  the  degree  of  psycho- 
motor development  (rather  than  merely  the  observation  of  re- 
action characteristics),  unless  thoroughly  reliable  normal  age- 
norms  are  available.  The  paramount  present-day  need  for  all 
types  of  psycho-clinical  examinations  is  the  establishment  of 
thoroughly  reliable  normal  age-norms.  Nothing  will  take  the 
place  of  reliable  age-norms  established  by  standardized  tests, 
neither  insight,  learning,  experience  nor  technical  skill.  A 
psycho-clinicist  without  objective  norms  is  like  a  sailor  without 
a  compass.  Until  such  norms  are  available  every  examiner  will 
depend  upon  his  own  subjective  norms.  Subjective  standards  are 
notoriously  inconstant;  they  vary  from  person  to  person,  and 

^Of  course,  the  factor  of  attention  is  constantly  involved,  and  the  factor 
of  memory  during  repeated  trials. 


Digitized  by 


Google 


PSYCHO-MOTOR  NORMS  FOR  PRACTICAL  DIAGNOSIS         3 

also  with  the  varying  conditions  of  the  same  person.  A  vast 
number  of  psychological  tests,  admirable  in  themselves,  are  of 
little  value  to  the  practical  clinicist  because  of  the  lack  of  norms. 
Many  of  the  form-boards  are  of  limited  value  for  this  reason. 
Norms  cannot  be  accepted  on  the  statement,  unsupported  by 
definite  figures,  that  "most  of  our  twelve-year  old  children  are 
successful  in  from  one  to  three  minutes."  "Numerical  precision 
is  the  soul  of  science"  (Herschel),  psycho-clinical  diagnosis  not 
excluded.  The  psychologist  demands  tabulated  presentations  of 
the  data^  showing  exactly  how  many  children  have  been  tested, 
and  the  exact  results  obtained  from  children  of  different  ages. 
Observations  cannot  be  substituted  for  figures.  The  practical 
examiner  to-day  is  handicapped  not  by  a  lack  of  psychological 
tests,  but  by  a  lack  of  reliable  developmental  norms. 

Third,  the  keen  realization  that  no  thoroughly  satisfactory 
normal  norms  were  in  existence  for  the  modified  Seguinian  form- 
board.  At  the  time  the  investigation  was  begun  the  norms  avail- 
able were  based  on  the  testing  of  only  250  children*  from  ages 
5  to  12,  or  an  average  of  31.2  for  each  age.  Sylvester's  more 
extensive  data'  did  not  appear  until  some  time  after  this  investi- 
gation was  started.  The  chief  impelling  motive  for  undertaking 
this  investigation  was  the  desire  to  supply  the  practical  clinician 
with  a  set  of  reliable  developmental  norms  of  psycho-motor  per- 
formance for  this  form-board  for  the  growth  period.  The  most 
valuable  part  of  the  contribution  to  the  clinicist  are  the  norms 
supplied  for  mentally  normal  and  abnormal  children. 

2  Goddard,  Henry  H.  The  Form  Board  as  a  Measure  of  Intellectual  De- 
velopment in  Children.    The  Training  School  Bulletin,  1912,  IX,  No.  4. 

•Sylvester,  Reuel  Hull.  The  Form-Board.  The  Psychological  Mono- 
graphs, 1913,  XV,  No.  6$.  The  following  form-board  studies  iappeared  after 
this  «nonQgraph  had  been  completed  for  pulblication :  Eleven  Mental  Tests 
Standardized.  Bureau  of  Analysis  and  Investigation  of  the  New  York 
State  Board  of  Qharides,  191 5,  No.  5.  Pintner,  Rudolf,  and  Paterson, 
Donald  G.  The  Form-Board  Ability  of  Young  Detaf  and  Hearing  Children. 
The  Psychological  Qinic,  1916,  IX,  234  f.  Young,  Herman  H.  The  Witmer 
Formboard.  The  Psychological  Clinic,  1916,  X,  93  f  (another  modification 
of  the  Seguin  form-board.  Gives  experimental  data  for  1,474  hoys  and 
1.375  girls).  Young  Mary  Hoover.  Correlation  of  the  Witmer  Formboard 
and  Cylinder  Test.     The  Psychological  Clinic,  1916,  X,  112  f. 
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Fourth,  the  feeling,  long  entertained,  that  scales  of  develop- 
ment arranged  in  whole-year  steps  are  too  inexact  for  the  ac- 
curate grading  of  an  individual,  particularly  during  the  early 
years  of  life  when  the  individual  is  growing  very  rapidly.  It 
seemed  desirable  to  demonstrate,  first,  whether  or  not  it  was 
feasible  or  desirable  to  establish  half-yearly  form-board  norms 
according  to  a  scheme  previously  proposed,*  by  which  no  child 
could  vary  more  than  three  months  from  his  age  classification. 
According  to  this  scheme  children  whose  ages  ranged  from  5 
years  10  months  (beginning  of  tenth  month)  to  6  years  3  months 
(end  of  third  month)  would  be  rated  as  six  years  of  age;  those 
who  ranged  between  6  years  4  months  (beginning  of  fourth 
month)  and  6  years  9  months  (end  of  ninth  month)  would  be 
rated  as  6>^  years ;  and  similarly  for  the  other  age  designations. 

Furthermore,  it  seemed  desirable  to  test  the  accuracy  of  the 
claim  made  that  "in  the  teens  one  year  makes  less  difference  in 
intelligence  than  during  the  early  years  of  childhood";'  that 
"a  unit  of  retardation"  does  not  "mean  exactly  the  same  thing 
throughout  the  (Binet)  scale;"  that  "the  difference  between,  say, 
ages  II  and  III  is  larger  than  between  ages  XII  and  XIII.  A 
20  year-old  person  who  passes  only  age  XII,  and  a  12-year  old 
child  who  passes  age  IV,  would  both  be  rated  as  eight  years  re- 
tarded, but  the  eight  years  from  4  to  12  evidently  represent  a 
larger  developmental  difference  than  the  eight  years  from  12 
to  20.  Moreover  (and  this  bears  on  the  Binet  scale),  the  re- 
tardation is  probably  exaggerated  for  the  few  who  pass  Age 
XIII,  because  these  few  might  have  gone  higher  but  there  was 
no  means  of  determining  this  by  the  scale."®  It  is  only  by  ex- 
tensive tests  of  individual  traits  that  we  can  determine  the  cor- 
rectness of  the  assumption  that  mental  growth  from  age  to  age 
proceeds  at  a  diminishing  rate.  The  present  research  furnishes 
data  for  only  the  form-board  test;  a  second  series  will  include 

*Wallin,  J.  E.  Wallace.  The  New  Clinical  Psychology  and  the  Psycho- 
Clinicist.  Journal  of  Educational  Psychology,  191 1,  205  f.  The  Mental  Health 
of  the  School  Child,  1914,  iioff. 

5  As  before. 

*  Experimental  Studies  of  Mental  Defectives :  A  Critique  of  the  Binet- 
Simon  Tests  and  a  Contribution  to  the  Psychology  of  Epilepsy,  1912,  p.  loi. 
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results  from  a  dozen  tests  of  intelligence  administered  to  men- 
tally normal  and  abnormal  children  in  an  institution  and  a  public 
school  system. 

Fifth,  the  desirability  of  confirming  or  refuting  the  assump- 
tion, or  the  alleged  fact,  that  intellectual  and  motor  development 
come  to  a  standstill  at  from  12  to  15  years  of  age.  This  state- 
ment has  been  frequently  made.  Sylvester  affirms  that  "the 
form-board  is  certainly  of  little  value  for  testing  individuals  who 
have  the  ability  of  that  age  (14)  or  of  a  year  or  two  younger."'' 
"It  is  not  worth  while  to  establish  norms  for  those  above  four- 
teen."® "In  form  perception  and  motor  ability,  as  they  are  re- 
quired in  this  test,  there  is  practically  no  gain  after  a  point 
somewhere  about  the  age  of  twelve."®  Unfortunately  Sylvester 
has  omitted  to  give  facts  in  support  of  his  statements.  Reference 
to  our  tables  will  show  that  there  is  a  gain  of  3  sec.  between 
ages  12  and  17,  manifestly  a  worth-while  improvement,  in  view 
of  the  fact  that  there  is  a  consistent,  though  small,  gain  for  each 
age  between  12  and  17- — ^and  presumably  somewhat  beyond  17 — 
and  in  view  of  the  fact  that  the  gain  for  these  five  years  amounts 
to  as  much  as  35%  of  the  gain  for  the  five  years  from  7  to  12. 
A  recent  writer  makes  the  broad  assertion — no  evidence  is 
supplied — that  the  development  of  intelligence  "comes  practically 
to  a  stop  at  the  age  of  fifteen."  If  by  intelligence  is  meant  the 
general  ability  that  an  individual  shows  in  adapting  himself  to 
a  set  of  new  problems,  or  old  problems  modified,  calling  for  per- 
ception, comparison,  discrimination,  memory,  retention,  then  ex- 
perimental data  in  hand  indicate  that  the  assertion  is  unsupported 
by  facts,  at  least  so  far  as  concerns  a  number  of  mental  traits. 

Some  writers  possibly  have  fixed  the  limits  at  12  or  13  or  15, 
because  Binet's  tests  in  the  1908  scale  ceased  at  13  and  his  child- 
hood tests  in  the  191 1  scale  ceased  at  15.  Binet's  scales,  how- 
ever, stopped  at  those  points  because  Binet  arbitrarily  stopped 
them  there,  and  not  because  he  had  demonstrated  that  the  growth 
in  intellectual  capacity  stopped  at  13  or  15.     The  only  way  to 

^P.  8. 
•P.  12, 
•P.  37. 
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determine  how  far  intellectual  capacity  increases  is  to  administer 
numerous  tests  of  different  traits  under  exactly  the  same  condi- 
tions to  normal  children  of  different  ages,  continuing  with  older 
and  older  children  until  no  improvement  occurs.  Binet  did  not 
attempt  to  do  this.  It  has  been  attempted  fairly  intensively  in 
the  present  research  on  the  form-board  up  to  and  including  age 
17,  and  less  intensively  but  more  extensively  in  a  set  of  twelve 
intelligence  tests  covering  children  from  7  to  17  years  of  age. 
Sixth,  the  desirability  of  sullying  normal  norms  of  variation 
in  addition  to  age-norms  of  central  tendencies,^*  so  that  it  may 
be  possible  to  determine  an  individual's  d^ree  of  variation  in 
terms  of  the  appropriate  mathematical  fimction   (M.  V.   and 

M.  V.  .  ^ 

)  as  well  as  in  terms  of  age-scores,  or  so  that  it  may  be 

A. 

possible  to  determine  the  degree  of  variation  from  age-standards 
that  may  be  considered  normal.^* 

Seventh,  the  desirability  of  ascertaining  whether  or  not  there 
are  appreciable  sex  differences  in  psycho-motor  development,  as 
measured  by  the  form-board,  for  children  of  the  same  age.  Such 
differences  had  appeared  in  an  earlier  work  on  epileptics,^*  not 
only  in  the  speed  of  motor  reaction  as  determined  by  the  form- 
board,^*  but  in  the  speed  of  naming  colors,"  of  reading,^'  and 
of  uttering  detached  words,*®  as  well  as  in  ability  to  retain  the 
contents  of  a  read  selection,*''  the  ability  to  make  voluntary 
motor  contractions,*®  and  to  maintain  steady  body  balance;** 

10  The  Present  Status  of  the  Binet-Simon  Graded  Tests  of  Intelligence. 
Alienist  and  Neurologist,  1912,  May;  Experimental  Studies  of  Mental  De- 
fectives. 42.  i04f .    The  Mental  Health  of  the  School  Child,  197,  205,  226. 

11  Measures  of  variability  are  provided  for  all  the  form-board  data  compiled 
from  the  writer's  own  experimental  researches. 

"  Eperimental  Studies  of  Mental  Defectives.    Chapter  III. 
i»  Table  XIII,  and  p.  73-76,  99  (males  superior). 
1* Table  X  and  p.  67-69,  99  (females  superior). 
i» Table  XI  and  p.  71-72,  99  (females  superior). 

i«  Table  XV  and  p.  77-81,  99  (juvenile  females  superior  to  adult  males, 
adult  males  superior  to  adult  females). 

17  Table  XVII,  and  p.  82,  99  (males  superior). 

"Table  XIX,  and  p.  87,  88,  99. 

"  Tables  XXII  and  XXIV,  and  pp.  91-92,  99. 
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and  in  an  earlier  investigation  of  public  school  boys  and  girls,  in 
the  rate  of  perception  and  manual  reaction,  of  memorizing  and 
of  forming  free  and  controlled  verbal  associations.^® 

Sylvester  has  come  to  the  conclusion  that  ''sex  differences  are 
of  no  importance  in  the  form-board  test"^^  His  own  figures, 
however,  show  that  the  boys  among  the  backward  children  de- 
cidedly surpassed  the  girls  (average  time  20.3  sec.  as  against 
26.2  sec.^^),  while  the  boys  among  normal  children  were  also 
a  trifle  superior  to  the  girls.^^  He  assumes  that  if  there  had  been 
as  many  girls  as  boys  in  the  backward  classes  tested  "their  form- 
board  records  would  have  been  more  nearly  equal."**  Our 
results  will  show  that  the  boys  in  this  test  surpass  the  girls,  par- 
ticularly in  the  normal  group. 

Eighth,  the  desirability  of  making  an  extensive  study  of  the 
eflfect  of  repetition  upon  the  form-board  performance,  particu- 
larly as  affects  the  difference  in  the  speed  of  reaction  between  the 
first,  second  and  third  trials,  and  between  the  averages  for  each 
of  these  and  the  averages  for  the  best  score  in  the  three  trials. 
It  is  essential  to  have  this  information  in  hand,  in  order  to  deter- 
mine whether  the  practice  is  justifiable  of  taking  the  best  record 
out  of  three  trials  as  the  correct  or  representative  index  of  the 
individual's  efficiency.  Owing  to  the  appearance  of  Sylvester's 
study  this  feature  of  the  investigation  has  not  been  worked  up 
as  fully  as  was  originally  contemplated. 

Ninth,  the  desirability  of  ascertaining  whether  the  motor  re- 
action rate  differs  for  bright,  average  and  dull  public  school 
pupils  of  the  same  age,  as  well  as  for  normal  and  abnormal 
(feeble-minded  and  epileptic)  children  of  approximately  the  same 
mental  ages. 

20  Experimental  Oral  Euthenics :  An  Attempt  Objectively  to  Measure  the 
Relation  Between  Community  Mouth  Hygiene  and  the  Intellectual  Efficiency 
and  Educational  Progress  of  Elementary  School  Children.  Dental  Cosmos, 
1912,  April  and  May.  (The  boys  excelled  in  the  memory,  spontaneous  asso- 
ciation, antonym  and  addition  tests;  the  girls  in  the  perception-reaction  test) 
Incidentally  attention  may  be  called  to  a  qualitative  sex-difference  in  spelling 
efficiency:  Spelling  Efficiency,  in  Relation  to  Age,  Grade  and  Sex,  and  the 
Question  of  Transfer,  191 1,  Chapter  III. 

"  As  before,  p.  38. 

"  As  before,  p.  16. 
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Nature  of  the  data  studied 

This  study  is  based  on  the  following  data : 

First,  the  form-board  records  from  the  cases  clinically  exam- 
ined by  the  writer  in  the  psycho-educational  clinic  of  the  School 
of  Education  of  the  University  of  Pittsburgh  and  the  Psycho- 
Educational  Clinic  of  the  St.  Louis  Schools  (Tables  XVI  to 
XL VII).  These  cases  will  be  referred  to  as  the  cKmcr  cases.  They 
include  313  boys  and  133  girls,  or  a  total  of  446.  Not  all  the 
cases  which  were  examined  are  included,  some  because  the  rec- 
ords happened  to  be  defective  in  one  way  or  another,  some  be- 
cause the  child's  condition  was  complicated  by  deviations  other 
than  intellectual  {e.  g,,  blindness  or  plegia),  and  some  because 
they  were  unable  to  do  the  test  (cases  with  a  mentality  of  i,  2 
and  3  years).    No  other  selective  factors  were  operative. 

These  cases  were  clinically  classified  into  the  following  groups, 
the  figure  following  each  group  indicating  the  per  cent  of  the 
446  cases  so  classified;  idiots  (.44%);  imbeciles  (11.9%)'; 
morons  (14.8%)  ;  border-line  (12.5%);  backward  (32.2%); 
retarded  (13.9%);  normal  (10%);  and  bright  (4%)^ 

The  clinic  cases  have  been  tabulated  in  two  ways;  first,  by 
mental  ages  according  to  the  B.-S.  (Binet-Simon)  scale;  and, 
second,  by  chronological  ages  according  to  the  calendar  age  of 
the  subject.  Practically  all  of  the  B.-S.  tests,  as  well  as  the  form- 
board  tests,  given  to  these  cases  were  administered  by  ni3rself 
and  not  by  assistants  or  teachers.  The  B.-S.  tests  were  g^ven 
exactly  as  previously  given  to  epileptics.^*  In  classifying  the 
cases  into  idiots,  imbeciles,  morons,  etc.,  I  did  not  always,  how- 
ever, rigidly  adhere  to  the  conventional  mental  age  limits  of  the 
Binet  scale :  idiots,  i  to  2  years ;  imbeciles,  i  to  7 ;  and  morons, 
8  to  12.  As  explained  elsewhere^*  the  classification  is  based  on 
the  ensemble  of  available  hereditary,  developmental,  physical, 
pedagogical,  social  and  mental  data  bearing  on  each  case.  The 
average  chronological  and  Binet  age  is  given  in  the  first  two  col- 
umns on  the  left  hand  side  of  each  table.  In  both  cases  fractions 
of  a  year  are  expressed  in  decimals. 

«»Sec  my  Guide,  in  Experimental  Studies  of  Mental  Defectives,  p.  ii6f 
"  The  Mental  Health  of  the  School  Child,  1914,  pp.  i44ff. 
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The  sub-classifications  here  used  will  make  it  possible  to  dis- 
cover the  psycho-motor  differences  between  subnormal,  normal 
and  supernormal  children  of  approximately  the  same  mental  age 
as  well  as  the  same  chronological  age. 

Since  all  except  14%  of  these  cases  are  classified  as  below 
normal,  it  will  be  convenient  to  also  refer  to  them  as  the  stib- 
normal  group,  in  distinction  from  the  following  group  of  school 
cases,  which  may  be  referred  to  as  the  normal  group,  although 
not  all  in  the  first  group  are  subnormal,  nor  are  all  the  subnormal 
feeble-minded,  and  although  not  all  in  the  second  group  are 
normal. 

Second,  the  form-board  records  of  699  boys  and  730  girls, 
total  1429,^*^  who  were  specially  examined  in  four  public  ele- 
mentary schools  in  Pittsburgh,  Pa.  (Tables  I  to  XV).  All  the 
pupils  except  "about  one  hundred  in  the  Bellefield  school  and 
about  two  hundred  and  fifty  in  the  Holmes  school"  were  given 
the  test.  The  pupils  who  were  not  tested  evidently  represent  an 
unselected  group.  They  include  the  children  who  were  absent 
while  their  classmates  were  being  tested,  and  about  half  of  the 
kindergarten  children  in  the  Holmes  school.  Only  a  selected 
number  (115  pupils)  of  the  brighter  pupils  in  the  Colfax  school 
were  tested.^®  Among  these  cases,  however,  are  included  18 
young  children  who  were  attending  the  School  of  Childhood  of 
the  University  of  Pittsburgh,  and  13  young  children  examined 
in  baby  clinics.  This  entire  group  of  children  will  be  referred 
to  indiscriminately  as  the  school  cases  or  normal  children.  We 
are  justified  in  calling  these  children  normal,  because  the  selection 
yielded  75%  of  "average"  or  normal  cases  (538  each  boys  and 
girls,  total  1076),  and  an  approximately  equal  number  (12%) 
of  "dull"  (90  boys,  93  girls,  total  183)  and  "bright"  pupils  (71 
boys,  99  girls,  total  170).  The  total  number  of  girls  is  only 
slightly  in  excess  of  the  number  of  boys. 

<'The  number  of  cases  ia  the  half-year  classification  is  1,480  (722  boys 
and  758  girls). 

<*  I  am  tinder  obligations  to  Principals  J.  A.  Hollinger,  Margaret  A.  Frew 
and  Laura  V.  Steel  for  courtesies  extended  hi  connection  witlh  the  research. 
Miss  M.  Marguerite  Ai>gar  has  rendered  valuable  secretarial  service. 
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The  selection  of  the  "brighter"  pupils  from  the  Colfax  school, 
and  the  classification  of  the  pupils  in  the  Bellefield  and  Holmes 
schools  into  "bright,"  "average"  and  "dull"  was  made  by  the 
teachers  and  principals.  They  were  asked  to  base  their  estimates 
on  the  pupils'  intellectual  ability,  pedagogical  proficiency  and 
age-grade  classification.  No  claim  is  made  that  this  classification 
of  the  pupils  according  to  ability  is  absolutely  accurate.  It  is 
probably  about  as  accurate  as  the  usual  classifications  made  under 
similar  conditions.  It  is  of  interest  to  note  that  while  the  per- 
centage of  pupils  classified  as  average  in  ability  is  almost  the 
same  in  Bellefield  (83.6%)  and  Holmes  (81%)  schools,  the  per- 
centages of  bright  and  dull  are  about  equally  divided  in  Belle- 
field (7.6%  bright  and  8.6%  dull),  while  no  pupils  are  recorded 
as  bright  in  Holmes  and  18%  are  recorded  as  dull.  This  may  be 
due  to  the  fact  that  a  more  rigid  standard  was  followed  in  Holmes, 
or  to  the  fact  that  the  Bellefield  pupils  come  from  a  higher  social 
level.  The  115  children  reported  as  among  the  "brighter"  pupils 
in  the  two  Colfax  schools  constitute  16%  of  the  entire  attendance 
at  the  time  of  the  testing- — ^268  pupils  in  Number  i,  which  is 
situated  in  a  poor  quarter,  largely  populated  by  a  foreign  ele- 
ment, and  446  pupils  in  Number  5  (now  Wightman),  which  is 
situated  in  one  of  the  best  residential  sections  in  the  city. 

It  is  probable  that  the  distribution  of  ability  among  our  cases 
from  the  Bellefield  and  Holmes  schools,  where  the  cases  were 
unselected,  would  be  typical  of  urban  communities  inhabited  by 
skilled  and  unskilled  laborers,  tradesmen  and  professional  people, 
and  containing  schools  without  segregated  rooms  for  feeble- 
minded children.  These  schools  were  provided  with  "ungraded 
classes"  designed  for  coaching  slow  or  retarded  pupils,  but  not, 
theoretically,  for  feeble-minded.  These  ungraded  pupils  were 
included  in  the  present  survey. 

Some  of  these  pupils  had  been  clinically  examined  by  me,  in 
the  clinic  of  the  School  of  Education  of  the  University  of  Pitts- 
burgh, and  found  to  range  from  imbecilic  to  approximately  nor- 
mal children.  While  no  data  are  available  as' to  what  percentage 
of  the  "dull"  pupils  are  feeble-minded,  the  number  would  consti- 
tute an  insignificant  ratio  of  the  total  number  of  cases  examined. 
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All  the  School  of  Childhood  children  (9  boys  and  9  girls) 
were  rated  as  average  by  one  of  the  assistants  in  the  school,  while 
all  of  the  baby  clinic  cases  (3  boys  and  10  girls)  were  rated  as 
bright  on  the  basis  of  their  records  in  the  Perfect  Baby  Clinic 
and  Perfect  Bsby  College  (conducted  by  Mrs.  Frank  De  Garmo, 
the  originator  of  the  Better  Baby  contests),  in  which  they  were 
clinically  examined  by  the  writer  in  St.  Louis  in  the  fall  of  191 4. 
The  writer  was  requested  to  make  the  final  selection  of  the  prize 
winners,  hence  the  cases  examined  by  him  included  only  the 
candidates  for  highest  honors.  These  candidates  represented 
the  cases  which  had  survived  after  a  process  of  elimination,  based 
on  psychological,  medical,  dental  and  anthropometric  examina- 
tions, affecting  338  babies,  and  may,  therefore,  be  regarded  as 
a  selection  of  superior  merit.  Only  the  records  of  the  "babies" 
who  succeeded  in  doing  the  test  are  tabulated  in  the  tables.  Many 
between  one  and  two  years  of  age  failed  to  perform  the  test 
within  the  limits  of  time  that  could  be  allowed  them. 

All  the  school  cases  were  tested  in  vacant  rooms  or  in  the 
principal's  office  of  the  school  buildings,  while  the  prize  candi- 
dates were  tested  in  quiet  rooms  connected  with  the  baby  clinic 
or  baby  college.  In  the  testing  of  the  school  cases  I  was  gfreatly 
assisted  by  Mrs.  A.  W.  Field  and  Miss  Eva  Webb,  the  latter 
likewise  rendering  invaluable  assistance  in  helping  me  with  the 
computation  of  some  of  the  records. 

Third,  the  form-board  scores  of  institutional  cases  of  epileptics 
previously  clinically  examined  by  the  writer  (308  cases:     Page 

35)" 

Fourth,  the  form-board  scores  of  other  investigators  (Table 
XLIX.)  This  includes  1588  normal  children  examined  by 
Sylvester^®  ("no  especially  backward  or  peculiar  children  were 
included")  and  250  children  examined  by  Goddard.^®  Nothing 
is  stated  r^^rding  the  distribution  of  the  mental  ability  of  God- 
dard's  cases.  Neither  of  these  writers  grouped  the  children 
according  to  sex.    I  am  including  these  cases  for  two  reasons; 

2^  Experimental  Studies  of  Mental  Defectives,  62f,  73f,  g6i,  97i  106. 
2«  As  before,  46,  53. 
*•  As  before. 
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first,  in  order  to  make  the  data  readily  accessible  for  comparative 
study — ^the  results  are  therefore  tabulated  separately  in  Table 
XLIX — ^and,  second,  in  order  to  afford  a  larger  number  of  cases 
on  which  to  base  whole-year  norms  (3253  cases) — the  averages 
are  therefore  merged  in  the  final  column  of  the  table.  Clinical 
workers  who  desire  to  use  this  form-board  can  choose  between 
four  different  series  of  whole-year  norms,  besides  the  half-year 
norms  which  are  given  for  boys  and  girls  separately  and  com- 
bined in  Table  XL VIII. 

The  method  of  testing  the  school  and  clinic  cases  was  uni- 
formly as  follows :  The  children,  brought  into  the  testing  room 
one  by  one,*^  occupied  a  standing  position  directly  in  front  of  the 
table  containing  the  form-board.  The  side  of  the  form-board 
containing  the  star  was  always  nearest  the  child.  The  blocks 
were  quickly  removed  from  their  recesses  by  the  experimenter 
and  thrown  indiscriminately  in  a  compact  pile  invariably  near 
the  edge  of  the  form-board  which  was  at  the  child's  right,  the 
child  meanwile  watching  the  operation  (and  in  some  cases  assist- 
ing in  the  removal).**  Then  the  child  was  told  to  replace  the 
blocks  in  their  proper  recesses  jtust  as  fast  as  he  possibly  could, 
using  only  one  hand.  The  second  time  he  was  urged  to  replace 
the  blocks  faster,  and  the  third  time  still  faster.  Invariably  the 
children  were  stimulated  to  put  forth  their  best  efforts.  The 
experimenter  did  not  initially  replace  any  of  the  blocks,  thereby 
actually  showing  the  child  how  to  proceed.  However,  in  the 
case  of  a  few  of  the  babies  who  made  no  attempt  to  grasp  the 
blocks,  the  experimenter  placed  a  block  in  the  child's  hand  and 
told  him  to  place  it  in  the  right  hole.    Exactly  the  same  method 

••  They  w€rc  brought  in  one  by  one  so  that  they  might  not  be  influenced  by 
one  another's  successes,  failures,  or  peculiar  modes  of  attack.  One  of  the 
assistants,  however,  did  not  strictly  adhere  to  this  condition,  sometimes  per- 
mitting children  to  be  sent  to  the  room  in  groups  of  two  or  three,  in  order 
to  expedite  the  passage  of  the  children. 

*^  In  my  routine  clinical  examinations  the  child  is  invited  to  assist  me  in 
removing  the  blocks.  Whipple  places  the  blocks  in  a  definite  order  on  the 
table  and  requires  the  child  to  replace  them  in  a  prescribed  order :  Whipple, 
Guy  Montrose.  Manual  of  Mental  and  Physical  Tests.  Part  I,  1914,  p.  298. 
I  have  found  various  disadvantages  and  no  very  marked  advantages  in  this 
standardized  procedure. 
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was  earlier  used  in  testing  the  epileptics  except  that  the  blocks 
were  piled  up  near  the  middle  of  the  side  of  the  board  farthest 
from  the  subject,  so  that  the  blocks  would  be  equally  accessible 
to  the  two  hands — ^the  method  later  adopted  by  Sylvester.  This 
earlier  method  was  abandoned  because  the  subjects  were  obliged 
to  reach  farther  for  the  blocks,  and  particularly  because  they 
were  obliged  to  reach  across  the  form-board,  with  the  result  that 
the  arm  would  sometimes  obscure  the  recesses,  or  the  body  wotdd 
incline  too  far  forward,  or  a  short  subject  would  find  it  difficult 
readily  to  reach  the  blocks. 

The  record  of  the  three  trials  included,  first,  the  time  required 
to  replace  the  blocks,  recorded  in  fifths  of  a  second  by  means  of 
a  stop  watch.  The  watch  was  started  the  moment  the  child's 
hand  touched  the  first  block,  and  was  stopped  the  moment  the 
last  block  was  in  place.  No  "ready"  or  "start"  or  "go"  signal 
was  used,  unless  the  child  failed  to  start  after  the  blocks  had  all 
been  removed  and  he  had  been  urged  to  do  his  best.  Second,  a 
complete  record  was  made  of  every  move  made  by  the  child's 
hand  in  attempting  to  replace  the  blocks — ^a  quantitative  record 
of  the  number  of  movements  made  and  a  qualitative  record  of 
the  errors  committed.  Each  block  and  its  corresponding  hole 
were  assigned  a  fixed  number.  Thus  i  was  the  Maltese  cross, 
2  the  triangle,  3  the  half  moon,  4  the  disc,  5  the  oblong,  etc.  In 
order  to  economize  space  on  the  record  sheet  the  following 
method  of  recording  the  results  in  one  or  two  horizontal  lines 
has  been  found  very  satisfactory.  When  the  block  is  properly 
placed  the  first  time  the  number  of  the  block  is  recorded  followed 
by  a  period.  Thus  5.  2.  4.  indicate  that  blocks  5,  2  and  4  were 
placed  directly  in  holes  5,  2  and  4.  A  dash  ( — )  shows  that  the 
block  indicated  by  the  figure  preceding  the  first  dash  was  placed 
in  the  recess  indicated  by  the  figure  following  the  dash.  Thus 
6 — 7 — 6.  10 — 4 — 9—10—5 — 10.  show  that  block  6  was  placed 
wrcmgly  in  recess  7  and  then  properly  in  recess  6.  Block  10  was 
first  placed  in  recess  4,  then  9,  then  10,  then  5,  and  finally  prop- 
erly in  10.  A  number  followed  by  a  dash  and  cipher  (o)  indi- 
cates that  the  block  was  grasped,  then  perhaps  rapidly  moved  over 
the  board  without  being  placed  in  any  hole,  and  then  discarded. 
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An  X  indicates  that  the  block  was  left  on  top  of  a  recess  but  not 
fitted  in.  Thus  5 — 7X  6 — 6X  show  that  block  5  was  left  on  top 
of  recess  7.  Block  6  was  left  on  top  of  recess  6.  A  line  drawn 
vertically  through  a  numeral  indicates  that  the  corresponding 
block  was  removed  from  the  position  in  which  it  was  previously 
placed  but  was  not  placed  in  any  recess.  The  following  is  a 
t)T)ical  record  10.  8 — i — 8.  5.  7 — 2 — 6 — 7 — 6 — 7.  3.  5.  9 — o.  4. 
9.  I.  2.  Interpreted:  10  properly  placed  at  once;  8  placed  in  i, 
then  in  8 ;  5  correctly  placed ;  7  placed  in  2,  then  in  6,  then  in  7, 
then  in  6,  then  in  7;  3  correct;  5  correct;  9  grasped  but  not 
placed  in  any  hole;  4  properly  placed;  9  correct;  i  correct;  and 
2  correct. 

No  attempt  will  be  made  in  this  monograph  to  analyze,  quanti- 
tatively or  qualitatively,  the  procedure  used  in  replacing  the 
blocks,  although  complete  data  are  available*  for  such  analysis. 
My  results,  however,  agree,  in  the  main  with  Sylvester's  findings. 

The  original  tables,  based  on  the  averages  of  all  the  records 
of  the  reaction  rates,  are  reproduced  in  complete  form  in  Chapter 
VII,  partly  because  it  is  here  impracticable  to  detail  all  facts  con- 
tained in  the  tables,  and  partly  because  investigators  are  con- 
stantly hampered  in  their  attempts  to  utilize  previous  studies  for 
comparative  purposes  because  of  the  inadequacy  of  the  data  sup- 
plied. Thus  it  will  be  possible  for  subsequent  workers  to  com- 
pare in  detail  their  results  with  mine,**  to  retreat  my  data 
mathematically  by  different  statistical  methods,  and  to  average 
my  results  with  their  own,  so  that  eventually  we  may  obtain  a 
set  of  form-board  norms  based  on  many  thousands  of  cases. 

Explanation  of  terms  and  abbreviations 

B.-S.,  indicates  Binet-Simon.  The  B.-S.  ages  are  always  given 
in  Roman  figures. 

The  three  successive  replacements  of  the  blocks  in  the  form- 
board  are  referred  to  as  the  I,  II  and  III  trials..    The  Sh.  col- 

>2  Although  the  original  tables  appear  in  complete  form,  29  tables  derived 
from  a  retabulation  of  the  original  data  do  not  appear  here  at  all,  but  only 
the  general  averages  or  the  generalized  results.  To  have  included  all  the 
derivative  tables  would  have  unduly  increased  the  length  of  the  book. 
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umns  in  the  tables  contain  only  the  averages  of  the  subject's 
shortest  records,  the  best  records  in  the  three  trials.  These 
averages  are  referred  to  as  the  shortest  (or  Sh.)  record  or  score. 

The  word  subnormal  will  be  used  in  the  generic  sense  to  in- 
clude all  cases  classified  as  below  normal:  the  retarded,  back- 
ward, seriously  backward,  border-line,  and  feeble-minded.  The 
expression  mentally  deficient  is  objectionable  because  some 
writers  use  it  as  synon)mious  with  subnormal,  in  the  sense  above 
defined,  while  others  use  it  as  equivalent  to  feeble-mindedness. 
It  seems  best  to  use  this  word  in  the  generic  sense,  as  there  are 
various  degrees  of  mental  deficiency  which  do  not  amount  to 
actual  feeble-mindedness. 

Sec.,  indicates  second  or  seconds. 
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CHAPTER  II 

THE  INCREASE  OF  PSYCHO-MOTOR  CAPACITY 
WITH  CHRONOLOGICAL  AND  MENTAL  AGE. 

Normal  children  (school  cases),  classified  according  to  chrono- 
logical age  by  half -year  steps 

We  shall  consider  the  diflFerences  between  the  half-yearly 
averages  for  the  boys  and  girls  separately  and  combined.  The 
analysis  will  likewise  cover  the  results  separately  for  the  bright, 
average,  and  dull  groups,  in  the  first,  second,  third  and  shortest 
trials.  The  tables  (I  to  XV)  are  somewhat  incomplete  in  ages 
4,  1 6  and  17,  but  still  furnish  data  for  152  separate  comparisons. 
The  differences  in  these  tables  will  be  computed  only  between 
the  lower  and  higher  half-years  of  the  same  age  classification: 
i.  e,,  between  4  and  4j4  years,  between  5  and  5^  years,  etc.  On 
the  other  hand,  the  differences  in  Table  XLVIII  will  be  computed 
between  each  successive  half-year  designation,  thus:  between 
4  and  4J^,  between  4^  and  5,  between  5  and  5J^,  between 
5J4  and  6,  etc.  •  In  this  table  no  account  is  taken  of  the  difference 
in  the  intelligence  of  the  pupils,  and  the  results  represent  only 
the  averages  of  the  best  records  (Sh.)  of  the  three  trials. 

That  it  is  feasible  to  establish  half-yearly  form-board  norms 
admits  of  little  doubt.  It  is  found  that,  taking  the  gross  results 
for  all  ages  and  classifications  in  Tables  I  to  XV,  there  is  an 
improvement  from  half-year  to  half-year  in  108  instances 
(71%),  a  loss  in  41  instances  (27%),  while  the  results  were  the 
same  in  three  instances  (2%).  The  gross  gains  for  all  the  ages 
and  classifications  amount  to  210.  i  seconds  while  the  gross  losses 
amount  to  94.7  sec,  a  net  gain  of  11 5.4  sec,  or  an  average  gain 
per  half-year  of  .75  sec  That  there  should  be  any  losses  at  all 
is  undoubtedly  due  to  the  fact  that,  although  the  tables  are  based 
on  1,480  cases,  only  a  few  cases  are  included  in  some  of  the  minor 
groupings.    Therefore  one  or  two  exceptional  cases  may  readily 
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disturb  the  normal  progression.  With  a  large  number  of  cases 
there  would  probably  be  no  exceptions  to  the  rule. 

In  Table  XL VIII  (final  half-year  table),  the  boys'  averages 
show  21  gains  and  5  losses,  the  girls'  averages  17  gains,  8  losses 
and  I  equal  and  the  averages  for  both  sexes  20  gains  and  5 
losses.  Here  the  average  amount  of  gain  from  half-year  to 
half-year  (subtracting  the  gross  losses  from  the  gross  gains 
and  dividing  by  the  number  of  counts)  amounts  to  .91  sec.  for 
the  boys  (age  16*^-17*  missing),  i.o  sec.  for  the  girls  (age 
i6*-i6®  missing),  and  i.o  sec.  for  the  averages  for  the  boys  and 
girls  (exclusive  of  ages  i6>^  to  ly^t).  If  we  exclude  the  large 
difference  between  ages  4  and  4>^  (8.9  sec),  which  is  entirely 
exceptional,  the  average  gain  per  half-year  amounts  to  .70  sec. 

For  the  lower  ages,  4j4  to  10  inclusive,  the  average  gain  per 
year,  1.03  sec,  is  more  than  three  times  as  large  as  the  average 
gain  for  the  higher  ages,  10^  to  16,  .33  sec,  both  sexes  com- 
bined. Evidently  the  half-year  differences  below  4>^,  were  data 
available,  would  be  proportionately  larger  than  the  differences 
for  the  ages  between  4j4  and  10,  as  is  indeed  suggested  by  the 
large  gain  between  4  and  4^. 

The  improvement  with  each  ascending  half-year  is  greatest 
for  the  average  pupils  and  least  for  the  dull.  This  may  be 
shown,  first,  by  the  percentages  of  gains,  losses  and  equal  scores 
for  the  bright,  average  and  dull  pupils,  which  are  as  follows 
(the  per  cents  are  the  averages  of  the  per  cents  in  the  first,  sec- 
ond, third  and  shortest  trials) : 

Per  cent  of  gains  Per  cent  of  losses  Per  cent  of  equal  scores 
Bright:          65  30  4 

Average:       89  8  2 

Dull:  54  45 

The  results  are  the  same  if  the  comparison  is  limited  to  the 
gains  and  losses  in  the  column  containing  the  shortest  scores : 

Per  cent  of  gains  Per  cent  of  losses 
Bright :                                               69  30 

Average :  92  7 

Dull:  54  45 
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It  may  be  shown,  second,  by  the  average  gains  in  seconds  for 
each  half-year  made  by  the  bright,  average  and  dull  pupils,  which 
are  as  follows  (these  are  the  averages  for  all  the  trials,  I  to  Sh.)  : 
Bright  Average  Dull 

.62  1.31  .17 

The  average  pupils  gain  with  each  successive  half-year  more 
than  twice  as  much  as  the  bright  pupils  and  about  eight  times 
as  much  as  the  dull  ones.  It  is  quite  evident  that  it  is  funda- 
mentally important  to  know  when  prosecuting  investigations  for 
the  purpose  of  establishing  norms  whether  the  children  tested 
are  bright,  average,  or  retarded,  a  consideration  previously  urged 
in  criticism  of  Smedley's  anthropometric  norms.* 

Why  do  the  dull  pupils  show  so  little  improvement  with  each 
ascending  age?  Is  it  because  they  mature  earlier,  as  suggested 
by  Bolton,^  and  having  become  prematurely  old,  they  naturally 
improve  less  with  increasing  chronological  age?  If  this 
h)rpothesis  were  true,  we  should  expect  the  dull  pupils  to  do  rela- 
tively better  in  the  early  years  than  do  the  bright  or  average 
children.  But  there  is  no  conclusive  evidence  that  this  is  the 
case.  The  average  gain  per  half-year  (based  on  the  Sh.  scores) 
for  the  dull  for  the  years  5  to  9>4  amounts  to  .18  sec.,  and  for 
the  years  12  to  I5>4,  .20  sec,  which  shows  a  smaller  gain  in  the 
lower  than  in  the  higher  years.  The  corresponding  figures  for 
the  average  pupils  is  i  sec.  and  .44  sec.,  and  for  the  bright 
— .22  sec.  (loss)  and  .84  sec.  It  is  clear  that  the  improvement 
was  greater  in  the  lower  ages  than  in  the  upper  ages  for  the 
average  pupils  only.  The  percentages  of  ages  in  which  there 
were  gains  in  the  lower  group  were,  respectively,  60,  80  and  40 
for  the  dull,  average  and  bright  pupils ;  while  the  corresponding 
per  cents  for  the  upper  group  were  40,  100  and  80.  The  dull 
gained  more  frequently  in  the  lower  group  of  ages,  and  the 
bright  and  average  in  the  upper  group, 

A  second  supposition  is  that  the  dull  manifest  their  dullness 
early  and  fail  to  outgrow  it.    I  believe  this  is  the  correct  explana- 

1  The  Mental  Health  of  the  School  Child,  1914,  p.  108. 
*  Bolton,  T.  L.    The  Relation  of  Motor  Power  to  Intelligence.    American 
Journal  of  Psychology,  XIV,  1903,  p.  61  sf. 
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tion.  It  is,  theoretically,  improbable  that  young  dull  children 
(except  such  types  as  the  cretins,  or  mongols)  are  prematurely 
old  or  senile  in  bodily  development,  as  determined  by  the  creteria 
of  anatomical  and  physiological  age.  At  any  rate,  this  hypothesis 
must  be  verified  by  objective  studies  before  it  can  be  accepted 
as  a  fact.  On  the  other  hand,  statistical  investigations  of  re- 
tarded children  have  shown  that  many  of  them  progress  at  a 
retarded  rate  throughout  their  entire  school  course.*  Allowing 
for  occasional  exceptions,  we  may  say  that  pupils  who  are  gen- 
uinely or  inherently  retarded  during  the  early  years  of  childhood 
will  be  retarded  during  the  middle  and  later  years  of  childhood, 
and,  by  a  parity  of  reasoning,  during  adulthood. 

This  conclusion  is  of  prime  importance  to  the  geneticist.  It 
-suggests  that  the  hereditary  capital  bequeathed  to  each  individual 
from  ancestral  strains  cannot  be  radically  altered  by  environ- 
mental forces.  Nature  is  more  potent  than  nurture  in  determin- 
ing the  limits  to  an  individual's  capacity.  I  am,  of  course, 
speaking  of  potentials,  or  of  inherent  capacity,  in  contradistinc- 
tion to  acquisition  or  attainment.  Of  course,  how  a  person 
actually  invests  his  inherited  capital,  and  what  he  accomplishes 
with  it,  depends  upon  environmental  factors.  But  no  amount 
of  training  can  overcome  defects  in  the  original  endowment. 

The  improvement  with  each  succeeding  half-year  is  clearly 
greatest  during  the  second  trial.  This  is  shown  both  by  the 
average  per  cents  of  gains,  losses  and  equal  scores  and  by  the 
average  amount  of  improvement  in  seconds  in  each  of  the  trials. 
The  following  per  cents  represent  the  combined  averages  for  the 
bright,  average  and  dull  pupils  for  all  ages: 

»  Wallin,  as  before,  p.  118;  see  references  to  Gayler  and  J.  Since  the  above 
was  written  I  find  the  following  corroborative  evidence  from  an  analysis  of 
the  B.  -S.  records  of  normal  and  mentally  defective  children:  "The  mental 
excess  of  normal  children  is,  on  the  average,  2  months'  defect,  and  it  in- 
creases by  about  a  month  per  year  of  life.  But  the  mental  defect  of  the 
mentally  defective  children  is,  on  the  average,  3  years,  and  they  lose  about 
S  months  per  year" — ^Pearson,  Karl.  On  the  Graduated  Character  of  Mental 
Defect  and  on  the  Need  for  Standardizing  Judgments  as  to  the  Grade  of 
Social  Inefficiency  which  shall  Involve  Segregation.  Questions  of  the  Day 
and  of  the  Fray,  1914,  IX,  44. 
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63. 

II  trial: 

72. 

III  trial: 

70. 

Sh.  scores: 

71.6 
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Per  cent  of  gains  Per  cent  of  losses  Per  cent  of  equal  scores 

33-3  2.6 

27.  o. 

26.  2.6 

27.3  o. 

The  average  gain  in  seconds  with  each  half  year  is  as  follows 
for  each  trial:  I,  .35;  II,  1.37;  III,  .86;  Sh.,  .81.  The  age  im- 
provement is  about  4  times  as  large  in  the  second  trial  as  in  the 
first,  over  one  and  a  half  times  as  large  in  the  second  as  in  the 
third  trial,  while  it  is  about  the  same  for  the  third  trial  and  the 
shortest  scores. 

The  fact  that  the  increase  with  age  is  greatest  during  the  sec- 
ond trial  may  appear  to  possess  merely  academic  or  theoretical 
interest,  but  it  is  of  great  practical  moment.  It  means  that  we 
cannot  adequately  bring  out  age  differences  in  quantitative 
psycho-motor  tests  (or  at  least  in  this  test)  by  merely  giving 
children  one  test.  Differences  of  capacity  between  children  of 
different  ages  come  out  more  clearly  after  the  first  trial.  Here 
the  age  difference  is  larger  during  the  second  than  during  the 
third  trial  and,  presumably,  it  is  also  larger  during  the  third 
than  during  the  fourth  trial.  How  far  the  difference  would  con- 
tinue beyond  the  third  trial  needs  to  be  experimentally  de- 
termined. 

Normal  children  (school  cases),  classified  according  to  chrono- 
logical age  by  whole-year  steps. 

The  average  difference  between  the  averages  for  each  suc- 
cessive whole-year  for  ages  4  to  17,  inclusive,  in  Table  XLIX 
which  contains  the  averages  of  the  shortest  records  only,  amounts 
to  1.4  sec.  for  the  boys,  1.3  sec.  for  the  girls  and  1.4  sec.  for  both 
sexes.  There  is  a  decrease  in  time  in  each  successive  age  with 
one  exception  for  the  boys  (ages  12  and  13  being  equal),  one  for 
both  sexes  (a  loss  of  .1  sec.  in  age  13),  and  two  for  the  girls 
(ages  12  and  13  equal,  and  a  loss  of  .2  sec.  in  age  15).  The 
greatest  amount  of  improvement  between  any  two  ages  is  3.2 
sec.  for  the  boys  (between  4  and  5)  and  3.4  sec.  for  the  girls 
(between  5  and  6)  and  3.3  sec.  for  both  sexes  (between  5  and  6). 

The  ages  in  which  the  gain  is  the  smallest  is  10  (.5  sec.),  12 
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(.4  sec.)  and  13  (equal)  for  the  boys,  and  9  (.9  sec),  13  (loss 
of  .1  sec.),  15  (.2  sec.)  and  16  (.5  sec.)  for  the  girls. 

The  gross  amount  of  loss  compared  with  the  gross  amount 
of  gain  from  year  to  year  is  entirely  negligible.  For  the  boys 
there  is  no  loss  while  the  total  gain  for  all  ages  amounts  to  18.5 
sec. ;  for  the  girls  the  total  loss  is  .2  sec.  compared  with  a  total 
gain  of  18.0  sec. ;  and  for  both  sexes  the  total  loss  is  .1  sec.  com- 
pared with  a  total  gain  of  18.3  sec.  With  a  larger  number  of 
cases  in  some  of  the  ages  the  gain  would  very  probably  have 
been  consistent  from  age  to  age. 

The  gain  is  very  much  larger  for  the  younger  years,  amount- 
ing for  the  lower  ages  (4  to  10,  inclusive)  to  2.2  sec.  per  year 
for  the  boys,  2.4  sec.  for  the  girls  and  2.3  sec.  for  both  sexes, 
as  compared  with  .56  sec.  for  the  boys,  .50  sec.  for  the  girls,  and 
.51  sec.  for  both  sexes  for  the  higher  ages  (11  to  17,  inclusive). 
It  is  somewhat  less  than  one-fourth  as  large  in  the  higher  ages 
as  in  the  lower. 

The  amount  of  gain  does  not  decrease  regularly  from  age  ta 
age,  as  is  seen  from  the  following  gains  in  seconds  for  each  suc- 
cessive age  from  4  to  17  for  both  sexes  (  -  signifies  a  loss  in- 
stead of  a  gain)  :  3.0,  3.3,  2.8,  2.8,  .9,  1.2,  i.i,  .9,  -.1,  .9,  .2,  .5  and 
.7.  The  largest  gain  for  both  sexes  in  any  one  year  after  age  1 1 
amounts  to  .9  sec.  (ages  12  and  14). 

Instead  of  using  the  figures   in   Table   XLIX    (the   shortest 

scores)  as  the  index  of  yearly  improvement,  we  may  combine  the 

averages  of  I,  II,  III  and  the  Sh.  scores  for  both  sexes  in  each 

age  in  Tables  I  to  XV.    The  first  line  in  the  following  tabulation 

gives  the  general  averages  for  each  age  (averages  of  I  to  Sh.), 

and  the  second  line  the  improvement  in  seconds  from  age  to  age : 

Age:  4      s      6      7      8     9    10    II     12    13    14    15     16    17 

Time,    sec. :   34.9  30.8  25.3  21.9  184  17.1  157  14-7  I3S  136  12.7  124  12.3  io.<^ 
Improvement:         4.1    55    34    35    1-3    14    10    1.2    -.1      .9      .3      .1     14. 

It  is  seen  that  there  is  an  improvement  from  age  to  age,  with 

only  one  negligible  exception.    The  total  amount  of  gain  amounts 

to  24.1  sec.,  and  the  total  loss  to  .1  sec.    The  average  amount  of 

improvement  per  year  amounts  to  1.9  sec.     For  the  lower  ages 

(4  to  10)  it  is  3.2  sec.,  and  for  the  higher  ages  about  one-fifth 

as  much  (.69  sec). 
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The  results  from  comparing  the  combined  averages  (I  to  Sh.) 
agree  with  those  based  on  the  averages  for  the  shortest  scores 
only,  but  the  improvement  in  the  former  case  is  greater  and  more 
uniform.  That  the  improvement  does  not  diminish  r^^ularly 
from  age  to  age  may  be  due  to  the  limited  number  of  cases  in 
some  ages  (limited,  that  is,  in  the  sense  that  there  are  not  several 
hundred  in  each  age). 

While  the  improvement  in  the  higher  ages  is  not  larg^,  it  is 
positive  in  all  ages,  except  age  13.  Since  it  has  been  seen  that 
the  abler  children  do  better  than  the  less  able,  and  since  the 
children  in  ages  15,  16  and  17  were  pedagogically  retarded  and 
also  presumably  somewhat  mentally  retarded  (the  number 
actually  classified  as  dull  is  given  on  p.  31),  it  would  follow  that 
had  there  been  more  average  and  bright  and  less  dull  children 
in  these  ages  the  improvement  would  have  been  larger.  At  any 
rate,  the  tests  furnish  little  warrant  for  the  assumption  that 
psycho-motor  capacity,  as  measured  by  this  form-board,  attains 
its  complete  development  at  age  12,  or  even  at  age  14,  for  the 
reaction  rate  grows  shorter  up  to  and  including  our  highest  age, 
namely,  17.  The  age  beyond  which  no  improvement  will  occur 
in  this  test  has  not  yet  been  experimentally  determined. 

I  would  suggest  the  thought,  however,  that  it  may  be  advisable 
to  establish  bi-yearly  norms  for  this  test  after  age  12.  Our  re- 
sults show  that  a  common  norm  is  practicable  for  ages  12  and 
13  (which  give  the  same  results),  14  and  15  (a  negligible  differ- 
ence between  the  averages  for  the  two  sexes),  and  16  and  17 
(the  increased  difference  here  may  be  of  no  import — ^because 
of  the  few  cases  included). 

Just  as  we  would  urge  the  advisability  of  establishing  bi- 
yearly  norms  for  the  adolescent  years,  our  results  show  the 
necessity  and  practicability  of  establishing  semi-yearly  norms  for 
the  lower  ages  and  yearly  norms  for  the  middle  ages.  An 
analysis  of  the  half-yearly  and  yearly  data  indicates  that  it  is 
feasible  to  establish  semi-yearly  form-board  norms  up  to  about 
age  8,  yearly  norms  from  8  to  about  12,  and  bi-yearly  norms 
from  12  to  17  or  beyond. 

The  probability  is  very  high  that  it  is  possible  and  desirable 
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to  construct  norms  for  any  other  kind  of  motor  performance 
or  any  other  kind  of  mental  trait  in  accordance  with  the  above 
scheme  of  graded  units,  although  the  boundaries  of  the  different 
units  may  not  precisely  correspond  with  the  above  divisions. 
Various  tests  conducted  at  baby  clinics  indicate  that  the  steps 
can  be  made  still  smaller  during  the  first  year  or  two  of  life. 
My  present  impression  is  that  age-scales  which  include  a  large 
variety  of  tests  constructed  in  accordance  with  the  above  prin- 
ciple are  of  more  value  to  the  practical  clinician  than  the  rating 
of  individuals  on  the  basis  of  the  accumulation  of  points  (Huey's 
proposal). 

It  should  be  emphasized,  however,  that  in  order  to  construct 
maximally  satisfactory  graded  scales,  it  is  essential  to  administer 
the  same  tests  under  precisely  the  same  conditions  to  normal 
children  ranging  in  years  from  those  who  are  so  young  or  im- 
mature that  they  can  barely  perform  the  test  in  question  and 
extending  to  children  so  old  or  mature  that  they  fail  to  show 
any  improvement.  When  data  have  been  thus  gathered  we  shall 
be  able  to  construct  semi-yearly,  yearly  and  bi-yearly  norms,  or 
norms  for  any  other  steps  that  may  be  found  desirable.  If  these 
norms  are  based  on  a  sufficiently  large  number  of  normal  chil- 
dren, and  if  a  sufficiently  large  number  of  norms  are  collected 
into  a  developmental  scale  (so  as  to  test  "all  the  fundamental 
mental  traits")  the  practical  clinicist  will  have  at  his  command 
an  instrument  for  measuring  human  capacity  which  may  lay 
claim  to  accuracy  and  practicability,  and  which  can  be  adminis- 
tered without  the  aid  of  complicated  mathematical  formulas  or 
the  need  of  extended  mathematical  calculations.  Such  mechan- 
ical scales  will  come  as  near  to  automatically  diagnosing  cases 
for  an  examiner  who  through  preference  or  need  would  base 
mental  diagnoses  largely  on  tests,  as  any  mechanical  devises  ever 
will.*  Certainly  less  diagnostic  errors  would  be  made  by  the 
judicious  clinical  use  of  such  a  scale  than  by  simply  computing 
the  per  cent  of  efficiency  shown  by  a  given  subject  in  a  few  tests 
compared  with  the  efficiency  shown  by  a  group  of  normal  children 

^The  employment  for  purposes  of  practical  diagnosis  of  the  "intelligence 
quotient,"  the  absolute  years  of  retardation  and  the  Xll-year  standard  of 
feeblemindedness  is  discussed  in  Problems  of  Subnormality. 
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of  various  ages  in  the  same  tests,*^  when  the  tests  are  given  as 
group  tests. 

Since  the  above  was  written  Yerkes^  has  worked  out  a  very 
suggestive  point  scale  of  20  tests  and  has  clearly  pointed  out 
5ome  of  its  advantages  over  the  Binet-Simon  plan  of  grading. 
One  of  the  chief  advantages  of  this  scale  is  that  it  permits  of 
the  granting  of  partial  or  graduated  credits  for  partial  answers. 
The  use  of  partial  credits  has  been  authorized  in  connection  with 
the  Binet  scale,  but  in  practice  the  examinees  have  usually  been 
rated  on  the  **all  or  none"  principle.  It  is  evident,  however,  that 
according  to  the  graduated  scheme  of  accrediting  proposed  above, 
an  individual  would  be  given  a  mental  age  rating  for  each  trait 
according  to  his  quantitative  or  qualitative  efficiency  in  the  per- 
formance in  question  as  determined  by  standard  age-scores, 
established  for  each  chronological  age  or  fractional  unit  thereof. 
The  accumulation  of  many  such  age-scores  by  a  legitimate  system 
of  accrediting  would  represent  the  average  intelligence  age  or 
mental  age  of  the  individual. 

One  of  the  patent  advantages  of  the  Binet  method  is  the 
formulation  of  the  result  in  terms  which  can  be  easily  compre- 
hended by  the  average  person,  and  which  have  considerable 
significance,  namely  in  terms  of  mental  age  (or  the  equivalent 
normal  chronological  age).  While  this  method  also  has  its 
disadvantages,  I  am  not  certain  that  the  disadvantages  can  be 
overcome  by  the  point  scale  method  of  rating.  It  would  be  diffi- 
cult to  use  the  pooled  sum  from  the  accumulation  of  points  for 
diagnostic  purposes  during  the  period  of  mental  growth  without 
translating  them  into  terms  of  normal  chronological  age,  or  suc- 
cessive developmental  units.  Seventy-five  in  the  point  scale  would 
mean  something  entirely  different  for  a  five-year  old  than  for 

B  We  may  be  justified  in  concluding  that  two-thirds  of  a  giv«n  group  of 
individuals  are  subnormal  because  they  function  only  two-thirds  as  well  as 
a  more  intelligent  group  of  the  same  age.  But  this  does  not  justify  the 
further  inference  that  these  two-thirds  are  therefore  feeble-minded.  Group 
tests  cannot  be  used  for  the  purpose  of  identifying  feeble-minded  individuals. 

•Yerkes,  Bridges  and  Hardwick.  A  Point  Scale  for  Measuring  Mentail 
Ability,  1915.  It  is  interesting  to  note  that  the  authors  have  wisely  refrained 
from  laying  down  ar1>itrary  points  or  standards  by  means  of  which  to  diag- 
nose feeble-mindedness. 
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a  ten-year  old.  For  adults  it  might  have  approximately  the  same 
significance,  due  allowance  being  made  for  such  factors  as  Dr. 
Yerkes  has  specified.  Nor  do  I  see  that  this  difficulty  would  be 
surmounted  by  the  use  of  the  three  scales  proposed  more  recently 
by  Professor  Yerkes  to  cover  successive  four  year  periods  of 
development  from  o  to  16,  for,  if  I  am  correct,  the  pooled  sum 
for  each  scale  would  still  have  different  meanings  for  the  children 
of  the  different  ages  or  stages  of  development  included  in  each 
scale.  A  scale  of  intelligence  for  school  use  must  aid  the  ex- 
aminer in  distinguishing  between  the  children  who  should  be 
assigned  to  special  schools  for  the  feeble-minded  and  those  who 
should  be  assigned  to  ungraded  classes  for  the  borderline,  back- 
ward or  merely  retarded.  In  order  to  serve  this  purpose  the 
scale  must  supply  norms  for  each  age  or  stage  of  development 
from  the  age  of  school  entrance  to  at  least  the  adolescent  years. 

It  would,  of  course,  be  possible  to  test  children  of  different 
stages  or  ages  of  development  and  establish  a  pooled  norm  for 
each  stage  of  development,  and  then  state  the  results  for  any 
child  examined  in  terms  of  the  per  cent  of  the  normal  result  for 
liis  age.  In  such  a  case  we  should  have  to  determine  indepen- 
dently (i)  the  exact  significance  of  any  given  percentage  of 
normal  fimctioning,  say  60%,  and  (2)  whether  60%  of  normal 
capacity  at,  e.  g.,  age  four  would  have  the  same  significance  for 
diagnostic  purposes  as  60%  capacity  at  age  12,  16  or  20  which 
I  am  inclined  to  doubt,  from  my  experience  with  the  intelligence 
quotient. 

Haines  has  shown,  however,  that  the  point  scale  gives  more 
accurate  results  "from  nine  years  onward,"  than  the  Binet  scale.'' 

Subnormal  children  (clinic  cases),  classified  according  to  B.-S. 
Age. 

The  differences  have  been  computed  between  the  averages  of 
the  shortest  scores  (Sh.)  for  each  successive  B.-S.  age,  thus: 
between  III  and  IV,  IV  and  V,  V  and  VI,  etc.  The  average  of 
all  the  differences  between  the  averages  of  each  successive  B.-S. 

^  Haines,  Thomas  H.  Mental  Examination  of  Juvenile  Delinquents.  Ohio 
Board  of  Administration,  Publication  No.  7,  December,  1915. 
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age  for  ages  III  to  XIII,  inclusive,  amounts  to  3.3  sec.  for  the 
boys,  4.2  sec.  for  the  girls,  and  3.5  sec.  for  the  combined  averages 
of  the  two  sexes.  The  average  improvement  from  mental  age 
to  mental  age  is  somewhat  less  than  three  times  as  great  for  the 
boys  and  over  three  times  as  g^eat  for  the  girls  as  the  correspond- 
ing improvement  from  chronological  to  chronological  age  (whole 
years)  for  the  school  cases.  Every  ascending  B.-S.  age  shows 
a  gain  with  one  exception  among  the  girls,  which  is  negligible, 
as  the  exception  is  based  upon  the  record  of  only  one  case.  The 
greatest  amount  of  improvement  in  any  one  age  is  16.3  sec.  for 
the  boys  (between  ages  V  and  VI)  and  15.6  for  the  girls  (be- 
tween ages  IV  and  V)  ,while  the  smallest  improvement  for  the 
boys  is  .1  sec.  (between  ages  XI  and  XII),  the  girls  registering 
a  loss  of  3.4  sec.  in  age  XIII.  This  figure  also  represents  the 
girls'  total  loss,  as  compared  with  a  total  gain  of  45.4  sec. 

The  improvement  is  emphatically  larger  in  the  lower  B.-S. 
ages  (III  to  VIII),  averaging  for  each  age  5.2  sec.  for  the  boys, 
7.8  sec.  for  the  girls,  and  5.6  sec.  for  both  sexes,  as  compared 
with  1.5  sec.  for  the  boys,  .5  sec.  for  the  girls  and  1.4  sec.  for 
both  sexes  for  the  upper  B.-S.  ages  (VIII  to  XIII).  The  differ- 
ence between  the  lower  and  higher  B.-S.  ages  is  about  the  same 
as  the  difference  between  the  lower  and  higher  chronological 
ages  for  the  school  cases. 

The  improvement,  however,  does  not  decrease  regularly  from 
age  to  age,  as  may  be  seen  from  the  following  figures  which 
show  the  gain  (that  is,  the  decrease  in  seconds)  for  each  suc- 
cessive year  from  III  to  XIII  for  both  sexes:  1.6,  6.6,  11.8,  5.4, 
3.0,  3.0,  1.8,  1.2,  .7,  and  .3.  The  irregularity  is  similar  to  the 
irregular  improvement  found  among  the  school  cases. 

Subnormal  children  (clinic  cases),  classified  according  to 
chronological  age. 

The  differences  between  the  averages  for  the  shortest  scores 
(Sh.)  for  each  successive  chronological  age  were  computed  in 
the  same  manner  as  for  the  B.-S.  ages  (p.  25).  The  average 
improvement  per  year,  for  ages  4  to  16,®  amounts  to  2  sec.  for 

B  Ages  above  17  are  omitted  as  the  data  are  incomplete  for  the  girls. 
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the  boys,  2.9  sec.  for  the  girls  and  2.4  sec.  for  the  two  sexes.  It 
is  clear  that  the  average  improvement  with  each  ascending 
chronological  age,  whether  for  the  school  or  clinic  cases,  is  con- 
siderably smaller  than  the  improvement  with  each  ascending 
B.-S.  age.  The  chronological  improvement  for  the  clinic  cases, 
however,  is  larger  than  for  the  school  cases,  so  that  a  part  of 
the  large  improvement  with  rising  B.-S.  age  is  probably  to  be 
ascribed  to  the  peculiarities  of  the  clinic  group. 

As  with  the  school  cases,  not  every  chronological  age  shows 
improvement  over  the  preceding  age.  There  are  3  exceptions 
among  the  boys  (losses  in  ages  11,  15  and  16),  4  among  the 
girls  (losses  in  ages  6,  7,  10  and  15)  and  3  among  both  sexes 
(losses  in  ages  11,  15  and  16). 

The  greatest  improvement  in  any  one  age  is  10.4  sec.  for  the 
boys  (age  6),  28.7  sec.  for  the  girls  (age  5),  while  the  greatest 
loss  is  5.3  sec.  for  the  boys  (age  16)  and  4.5  sec.  for  the  girls 
(age  6).  The  greatest  improvement  in  any  one  age  after  age  9 
is  2.7  sec.  for  the  boys  (age  14),  3.8  sec.  for  the  girls  (age  16) 
and  2.6  sec.  for  both  sexes  (age  14). 

The  yearly  improvement  is  decidedly  larger  in  the  lower 
chronological  ages  (4  to  10)  than  in  the  higher  ages  (10  to  16) 
as  shown  by  the  following  amounts  of  improvement  in  seconds. 


Boys 

Girls 

Both  Sexes 

In  lower  ages : 

4-4 

4-4 

4.6 

In  upper  ages : 

-.4» 

1.6 

•3 

The  difference  is  larger  than  the  corresponding  difference  in  the 
B.-S.  classification,  except  for  the  girls. 

That  the  gain  does  not  decrease  regularly  from  year  to  year, 
is  shown  by  the  following  figures,  which  give  in  seconds  the 
amount  of  improvement  with  each  ascending  age  from  4  to  16 
for  both  sexes  (  -  indicates  loss  instead  of  gain)  :  7.1,  9.2,  2.5, 
3-4,  5S»  -4,  -.6,  1.9,  1.4,  2.6,  -1.8,  and  -1.9. 

*A  loss  instead  of  gain. 
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General  Results  and  Conclusions 

I.  Psycho-motor  capacity,  as  measured  by  this  test,  is  a  func- 
tion of  mental  maturity,^®  in  that  it  increases  with  increasing 
chronological  age.  This  has  been  shown  both  for  the  normal  and 
the  subnormal  children.  The  degree  of  improvement  with  in- 
creasing chronological  age  for  normal  children  may  be  seen  at 
a  glance  by  consulting  Graphs  I  and  II,  pp.  29  and  30.  (The 
curves  in  each  graph  are  based  on  the  fastest  record  in  the  three 
trials.  The  half-yearly  norms  are  constructed  according  to  the 
scheme  given  on  p.  4.)  There  are,  of  course,  individual  excep- 
tions, and  a  few  exceptions  even  among  the  averages,  but  it  is 
probable  that  the  latter  would  not  have  occurred  had  a  larger 
number  of  cases  been  included  in  each  subdivision.  The  average 
amount  of  yearly  improvement  for  both  sexes  amounted  to  1.4 
sec.  for  the  normal  children  (school  cases)  and  2.7  sec.  for  the 
subnormal  cases.  There  were,  however,  more  exceptions  among 
the  subnormal  cases,  although  the  yearly  gain  was  about  twice 
as  large.  This  may  be  partly  due  to  the  fewer  number  of  sub- 
normal cases  considered  and  to  the  greater  variability  (as  indeed 
we  shall  see  later)  in  the  capacities  of  the  subnormal  cases  when 
chronologically  classified.  Nevertheless,  it  is  unexpected  to  find 
that  subnormals,  who  are  supposed  to  reach  their  maximal  level 
early  and  then  remain  stationary,  gain  relatively  more  than  the 
normals  with  ascending  chronological  age.  However,  this  rela- 
tively greater  gain,  as  will  be  seen  presently,  is  in  the  younger 
ages,  so  that  the  older  subnormal  children  do  prove  to  be  more 
alike  than  do  the  younger  subnormal  children,  relatively  to  the 

^0 1  do  not  wish  to  imply  that  psycho-motor  capacity  is  not  also  a  function 
of  physiological  maturity,  in  this  test  particularly  during  the  early  years. 
Nor  do  I  wish  to  suggest  that  mental  and  physiological  maturity  are  unre- 
lated variables.  Both  are  functions  of  increasing  chronological  age,  and 
are  determined  primarily  perhai>s  by  the  inner  growth  impulse,  but  also  to 
some  extent  by  the  factor  of  experience.  The  growth  impulse  necessarily  is 
affected  by  the  individuars  experiences;  it  is  furthered  or  hindered  by  these 
experiences.  It  would  not  be  possible  to  conceive  of  the  process  of  psycho- 
physical maturation  as  being  entirely  independent  of,  or  tmaffected  by,  ex- 
perience. This  could  only  be  the  case  where  the  individual  failed  to  have 
any  experience.  Such  an  individual  would  be  dead,  and  would  suffer  disso^ 
lution  instead  of  maturation. 
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degree  of  likeness  existing  between  older  normal  children  as  com- 
pared with  younger  normal  children. 

2.    Psycho-motor  capacity  likewise  increases  with  mental  age. 
This  has  been  shown  for  the  subnormal  cases.     The  increase, 
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GRAPH  II 
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amounting  to  an  average  of  3.5  sec.  per  B.-S.  age,  was  much 
larger  than  the  average  increase  for  each  chronological  age  for 
either  the  normal  or  the  subnormal  cases.  It  is  important  to 
determine  how  great  the  difference  is  between  the  chronological 
and  mental  ages  for  such  a  group  of  normal  cases  as  we  have 
tested,  when  grouped  according  to  chronological  and  mental 
ages. 

3.  When  normal  children  are  classified  by  half-year  steps, 
there  is,  again,  improvement  from  group  to  group,  although  there 
are  more  exceptions  than  in  the  whole  year  classification,  par- 
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ticularly  in  the  upper  ages.  Here,  too,  the  exceptions  among  the 
averages  would  probably  have  disappeared  if  a  much  larger  num- 
ber of  cases  had  been  included  in  each  subdivision.  The  average 
half-yearly  improvement  for  all  ages,  however,  amounts  to  .70 
sec.,  a  not  inconsiderate  amount. 

4.  The  improvement  from  age-designation  to  age-designation 
is  emphatically  larger  for  the  group  of  younger  (or  lower)  ages 
than  for  the  group  of  older  (or  upper)  ages  for  both  the  normal 
and  the  subnormal  children.  In  other  words,  the  difference  is 
very  much  larger  between  successive  chronological  years  or  half- 
years  during  early  childhood  than  during  later  childhood,  or 
between  successive  mental  ages  in  the  lower  group  than  in  the 
upper  group  of  mental  ages.  Based  on  the  averages  for  the  two 
sexes,  the  improvement  in  the  lower  half-years  is  more  than 
twice  as  large  as  for  the  upper  half-years  (normal  children), 
while  the  improvement  for  the  lower  whole-years  is  4j^  times 
as  large  as  for  the  upper  whole-years  for  the  normal  children, 
and  about  12  times  as  large  for  the  subnormal  children.  The 
average  yearly  improvement  for  the  l6wer  B.-S.  ages  is  four 
times  as  great  as  for  the  upper  B.-S.  ages  for  the  subnormal 
cases.     See  Graphs  I  and  II. 

5.  The  amount  of  improvement  from  year  to  year  fails  to 
diminish  with  absolute  regularity  either  among  the  school  cases  or 
among  the  clinic  cases  whether  classified  according  to  chrono- 
logical or  mental  age.  However,  had  many  hundreds  or  thou- 
sands of  cases  been  included  in  each  age-designation  it  is  probable 
that  the  improvement  would  have  decreased  with  great  regularity 
from  age  to  age. 

Incidentally,  it  is  worth  emphasizing  that  our  results  fail  to 
show  an  actual  loss  of  capacity  at  age  13,  although  there  is  no 
gain  for  either  the  boys  or  the  girls  at  this  age.  The  curve 
appears  to  be  temporarily  arrested  at  age  13  for  both  sexes. 

6.  The  results  show  that  there  is  an  increase  in  psycho-motor 
capacity  up  to  the  highest  age  tested,  namely  17.  The  increase 
is  not  very  significant  in  the  upper  ages,  but  this  may  be  due  to 
the  fact  that  the  older  pupils  tested  were  over-age  for  their 
grades  and  therefore  presumably  retarded.     Actually  24%  of 
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the  pupils  from  14  to  17  were  reported  as  dull,  69%  as  average 
and  only  6%  as  bright.  That  is,  the  per  cent  classified  as  dull 
is  12%  in  excess  of  the  per  cent  so  classified  for  all  the  ages, 
while  the  per  cent  is  6%  less  for  both  the  average  and  the  bright. 
Had  there  been  a  larger  percentage  of  average  and  bright  pupils 
from  14  to  17  the  improvement  would  very  probably  have  been 
larger.  However,  it  is  evident  from  our  data  that  there  is  no 
experimental  warrant  for  the  statement  that  there  is  no  improve- 
ment in  the  form-board  type  of  psycho-motor  capacity  after  the 
age  of  12  (or  14),  unless,  indeed,  we  are  willing  to  regard  a 
gain  of  2.2  sec.  from  12  to  17  as  insignificant  (based  on  the  Sh. 
scores,  or  2.6  sec.  based  on  the  averages  of  all  trials). 

7.  The  evidence  shows  that  psycho-motor  age  scales,  based 
on  form-boards  such  as  this,  should  not  be  divided  into  imiform 
whole-age  steps.  Whole-year  steps  are  too  crude  at  the  lower 
end  of  the  scale  and  too  fine  at  the  upper  end.  Semi-yearly 
norms  are  feasible  and  necessary  up  to  about  the  age  of  8 ;  from 
about  8  to  12  yearly  norms  are  adequate;  from  12  to  17  it  seems 
sufficient  to  arrange  the  scores  into  bi-yearly  norms ;  and  beyond 
seventeen  it  may  be  desirable  to  use  tri-yearly  norms,  but  there 
is  as  yet  no  experimental  data  available  to  enable  us  definitely  to 
settle  this  point. 

8.  The  improvement  with  ascending  age  appears  most  clearly 
during  the  second  trial,  it  is  more  apparent  during  the  third  trial 
than  during  the  first,  and  likewise  more  apparent  in  the  averages 
for  the  Sh.  scores  than  in  the  first  trial.  Thus  the  average  half- 
yearly  improvement  in  seconds  of  time  is  about  4  times  as  large 
in  the  second  as  in  the  first  trial,  about  2j^  times  as  large  in  the 
third  as  in  the  first,  and  about  2]/^  times  as  large  for  the  Sh. 
averages  as  for  the  averages  for  the  first  trial.  Since  the  differ- 
ence between  each  successive  step  is  larger  in  the  second  and 
third  trials  than  in  the  first  trial  (i,  e.,  since  it  increases  with 
repetition),  it  is  apparent  that,  adequately  to  measure  age  differ- 
ences between  children,  it  is  desirable  to  give  the  same  tests  more 
than  once.  The  fact  that  the  differences  become  larger  after  the 
first  trial,  would  seem  to  indicate  that  pupils  profit  more  from 
repetition  in  this  test  as  they  grow  older  and,  by  inference,  as 
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they  grow  more  intelligent.  But  in  Chapters  III  and  V  we  shall 
see  that  normal  and  intelligent  pupils  improve  relatively  less  from 
repetition  on  their  initial  records  than  dull  or  subnormal  children. 

9.  The  improvement  with  increasing  chronological  age  is 
greatest  for  the  average  and  bright  pupils  and  least  for  the  dull. 
Based  on  the  shortest  scores  in  the  half-year  tables,  the  gains  are 
over  i^  times  as  frequent  for  the  average  as  for  the  dull  and 
somewhat  less  than  ij^  times  as  frequent  for  the  bright  as  for 
the  dull.  In  seconds  of  time  the  dull  pupils  gain  only  about  }i 
as  much  as  the  average,  and  the  bright  less  than  one-half  as  much 
as  the  average.  This  shows  that  the  more  intelligent  profit  rela- 
tively more  than  the  dull  as  they  grow  older.  Dull  pupils  develop 
at  a  retarded  pace,  while  the  abler  pupils  develop  at  an  accelerated 
pace. 

10.  The  chronological  age-norms  for  our  normal  children 
(school  cases)  are  almost  invariably  higher  (that  is,  the  reaction 
rates  are  faster)  than  the  norms  furnished  by  other  investigators. 
This  is  seen  very  clearly  from  a  cursory  inspection  of  the  curves 
in  Graph  I.  It  is  shown  in  detail  in  the  tabulation  on  page  34 
in  which  seven  different  sets  of  age  norms  are  compared  with 
our  own  normal  chronological  age  standards.  The  figures  in 
the  D.  (difference)  columns  represent  the  differences  between 
our  normal  age  scores  and  the  scores  in  the  corresponding  ages 
in  the  seven  other  sets  of  norms  which  are  tabulated.  When  the 
scores  are  given  for  B.-S.  ages,  they  are  compared  with  our 
norms  in  the  corresponding  chronological  ages.  The  final  aver- 
ages at  the  bottom  of  the  table  are  for  ages  4  to  12,  inclusive 
(except  in  the  third  set  where  there  is  no  score  in  age  4).  Other 
ages  are  not  included  because  of  lack  of  comparative  data  in  all 
the  sets. 

There  is  only  one  instance  in  which  our  reaction  rates  are 
slower  (in  the  fifth  set  the  feeble-minded  are  faster  by  .4  sec. 
in  age  12),  and  one  instance  in  which  they  are  equal  (in  the  sec- 
ond set  the  normal  children  are  equal  to  ours  in  age  14).  In  all 
the  other  instances  our  reaction  rates  are  faster  than  those  sup- 
plied by  the  other  investigators.  The  average  difference  when 
compared  with  Sylvester's  normal  cases  amounts  to  5.6  sec.  for 
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ages  4  to  12  (i.  e.,  the  average  of  all  the  average  differences), 
and  4.4  sec.  when  compared  with  Goddard's  cases,  tabulated  ac- 
cording to  chronological  age  for  ages  5  to  12.  The  average 
difference  is  somewhat  less,  4.6  sec,  for  Sylvester's  cases  when 
ages  13  and  14  are  included  in  the  comparison.  When  our  re- 
sults are  compared  with  Goddard's  normal  cases  classified  accord- 
ing to  B.-S.  age^*  the  average  difference  reaches  4  sec.  There 
is  thus  a  very  significant  difference  between  our  norms  and  those 
of  Sylvester  and  Goddard  for  normal  children,  to  which  we  shall 
recur  presently. 

The  average  difference  is  considerably  larger  for  the  lower 
ages  than  for  the  higher  ages.  For  ages  4  to  7  it  amounts  to 
9.5  sec.  compared  with  Sylvester's  cases  and  5.4  compared  with 
Goddard's  cases  classified  according  to  B.-S.  age;  and  for  ages 


Differences  between  the  author's  form-hoard  norms 

for  normal  children  and 

the  norms  supplied  by  other  investigators  or  by  other  types 

of  subjects. 

I 

2 

3 

4 

Wallin's  norms 

Sylvester's 

Goddard's 

Goddard's 

normal 

used 

as  stand- 

normal  cases 

normal  cases 

cases,  ar. 

ac  to 

ards  of  com- 

ar. ac.  to 

ar.  ac.  to 

B.-S  agc« 

parison,  based 

chron. 

chron. 

on  normal  chron. 

age^ 

age^ 

Age 

Age 

D. 

D. 

No. 

Age 

D. 

scores 

2 

scores 

3 

4 

284 

17.6 

7 

33.8 

54 

s 

254 

12.2 

4.1 

7 

30.3 

4.9 

6 

22.1 

44 

54 

13 

27.5 

H 

7 

19.3 

4.0 

5-2 

47 

254 

6.1 

Ave.  4-7 

95 

54 

8 

16.S 

4.1 

5.3 
5.0* 

43 

20.7 

4^ 

9 

IS.6 

3.0 

H 

t 

19.2 

3.6 

10 

14.4 

2.3 

3.8 

16.6 

2.2 

II 

134 

i.S 

4^ 

25 

15.9 

2.5 

12 

124 

14 

3.5 

14 

14.3 

1.9 

Ave.  9-12 

2.0 

3.8 

2.5 

13 

12.S 

.1 

14 

11^ 

.0 

IS 

114 

16 

10.9 

17 

10.2 

Ave.  4-12 

5.6 

44^ 

4.0 

Total  No. 

271 

11  It  should  be  explained  that  Goddard  classifies  his  cases  according  to 
"mental  age/'  but  he  does  not  state  whether  his  mental  ages  were  determined 
by  the  B.-S.  tests,  and  if  so  whether  by  the  1908  or  191 1  revisions.  I  assume 
that  his  mental  ages  were  determined  by  the  B.-S.  scale. 
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Goddard's  f.m. 
cases,  ar.  ac. 
to  B.-S.  age* 


6  7  8 

Wallin's  sub-      Wallin's  sub-         Wallin's  Epileptics, 
normal  (mostly  normal  (mostly  f.m.)  ar.  ac.  to  B.-S. 


No. 


53 
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87 
48 
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Age 
scores 
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23.7 
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32.5 
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20.7 

4.2 
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25.5 

9X) 

u 

17.7 

2.1 

20.9 

5.3 

15.9 

1.5 

82 

18.9 

4.5 

8.2 

14.7 

i^ 

27 

16.1 

^i 

7.3 

14.0 

1.6 

II 

15.0 

2.6 

6.9 

1.6 

3.7 

5.8 

13.7 

1.2 

18 

144 

1.9 

6^1 

8.5 

7.2 

1 1.9 

5.7 

22.1 

420 

F.-m.,  feeble-minded, 
standard  scores  in  set 
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(Hiron.,  Chronological.  D.,  difference  between  the 
and  the  scores  for  corresponding  ages  in  the  other 
sets.  The  reaction  rates  are  slower  in  the  comparative  sets  than  in  the  stand- 
ard set  in  all  cases  except  age  12,  set  5.  Ar.,  arranged.  Ac,  according. 
Ave.  4-12,  average  of  all  the  differences  in  ages  4  to  12,  inclusive.  Ave.  4-7. 
same  for  ages  4-7.  Ave.  9-12,  same  for  ages  9-12.  Total  No.,  total  number 
of  cases. 

1  The  age-norms  for  these  sets  are  given  in  Table  XLIX. 

^(ioddard,  as  before. 

'The  age-norms  used  arc  the  averages  of  the  shortest  scores  for  both 
sexes  given  in  Tables  XXVIII  to  XLVII. 

*  The  age-norms  are  the  averages  of  the  shortest  scores  for  both  sexes  in 
Tables  XVI  to  XXVII. 

*  Experimental  Studies  of  Mental  Defectives,  p.  74-  Detailed  data  for  the 
two  sexes  and  for  children  and  adults  are  available  in  the  original  table. 

•Average  of  ages  5  to  8. 
^  Average  of  ages  5  to  12. 

9  to  12  the  corresponding  figures  are,  2.  sec.  compared  with 
Sylvester's  cases  and  2.5  sec.  compared  with  Goddard's  cases. 
For  ages  5  to  8  for  Goddard's  cases  classified  chronologically 
it  amounts  to  5  sec.,  and  for  ages  9  to  12,  3.8  sec. 

From  the  general  results  it  would  seem  that  Sylvester's  norms 
are  lower  (i.  e.,  slower)  than  Goddard's  (chronological  classifi- 
cation), but  an  examination  of  the  table  shows  that  Sylvester's 
rates  are  faster  in  all  ages  except  age  5.    Goddard's  cases,  how- 
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ever,  are  so  few  as  to  render  this  exception  negligible.  Of  the 
three  investigators  Goddard  gives  the  lowest  (easiest)  age- 
standards. 

Feeble-minded  children  when  classified  according  to  B.-S.  age 
react  more  slowly  than  normal  children  of  corresponding  chrono- 
logical age.  Goddard's  feeble-minded  cases  average  12.4  sec. 
slower  per  age,  while  my  clinic  cases  average  only  6.3  sec.  slower 
when  classified  according  to  B.-S.  age.  When  classified  accord- 
ing to  chronological  age  the  average  difference  of  my  cases 
reaches  11.9  sec.  For  ages  4  to  17  the  difference  amounts  to 
9.9  sec.  It  is,  again,  apparent  that  my  cases  do  considerably 
better  than  Goddard's,  differing  only  about  half  as  much  as  do 
his  from  my  normal  cases.  It  is  to  be  remembered,  however, 
that  only  39.64%  of  my  clinic  cases  were  classified  as  feeble- 
minded, or  border-line  (all  the  rest  except  14%  being  backward 
or  retarded),  while  it  is  to  be  presumed  that  all  of  Goddard's 
cases  were  feeble-minded. 

Goddard's  feeble-minded  cases  were  slower  than  his  normal 
cases  (chronological  classification)  in  the  four  lower  ages  (5 
to  8),  but  faster  in  the  4  higher  ages  (9  to  12)."  In  ages  11 
and  12,  however,  his  feeble-minded  cases  are  so  few  as  to  render 
any  conclusions  hypothetical.  However,  the  differences  between 
the  age-norms  for  our  normal  cases  and  for  Goddard's  and  our 
own  feeble-minded  cases  is  also  very  much  larger  in  the  lower 
(4  to  7)  than  the  higher  ages  (9  to  12).  For  the  lower  ages 
it  amounts  to  24.1  sec.  when  compared  with  Goddard's,  and  11.5 
sec.  when  compared  with  our  feeble-minded  cases  (B.-S.  classifi- 
cation). For  the  upper  ages  the  corresponding  differences  are 
2.1  sec.  and  1.6  sec.  The  difference  for  the  lower  ages  for  our 
feeble-minded  cases  classified  chronologically  amounts  to  17.2 
sec.,  and  for  the  upper  ages  6.9  sec. 

The  reason  why  the  feeble-minded,  when  compared  with  nor- 
mal children,  do  relatively  better  in  the  higher  mental  ages  is 
due  to  the  fact  that  the  average  chronological  age  is  higher  for 
children  in  the  upper  mental  ages  than  in  the  lower  mental  ages, 
and  there  is  some  correlation  between  intelligence  and  chrono- 

12  The  relative  superiority  of  the  feeble-minded  in  the  upper  B.-S.  ages,  as 
shown  elsewhere  (p.  82),  is  due  to  increasing  chronological  age. 
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logical  age  even  in  the  feeble-minded.  Many  of  the  children  in 
the  upper  B.-S.  ages  were  many  years  older  than  the  normal 
children  in  the  corresponding  chronological  ages. 

The  slowest  records  invariably  are  made  by  the  epileptics. 
They  react  on  the  average  24.4  sec,  slower  than  our  normal 
cases.  If  age  13  is  included  the  average  difference  is  reduced 
to  22.1  sec.  Here,  again,  and  for  the  same  reason,  the  differ- 
ence is  emphatically  larger  for  the  four  lower  ages  (48.8  sec, 
ages  4  to  7)  than  for  the  four  higher  ages  (3.7  sec.,  ages  9  to 
12).  Our  epileptics  react  slower  than  Goddard's  feeble-minded 
in  all  ages  except  11  (but  Goddard's  average  in  age  11  is  based 
on  only  8  cases),  and  slower  than  our  feeble-minded  cases  in  all 
ages.  The  average  difference  for  ages  4  to  9  between  the  epilep- 
tics and  Goddard's  feeble-minded  cases  amounts  to  11.9  sec,  and 
for  our  feeble-minded  (B.-S.  classification),  18.  sec  For  the 
lower  4  ages  (4  to  7,  inclusive)  the  average  difference  between 
the  epileptics  and  Goddard's  feeble-minded  is  24.7  sec,  and  be- 
tween the  epileptics  and  our  feeble-minded,  37.3  sec,  while  the 
corresponding  differences  for  the  higher  4  ages  (9  to  12)  are 
1.7  sec  and  2.1  sec.  When  compared  with  my  feeble-minded 
cases  classified  chronologically  the  epileptics  are  inferior  in  all 
the  lower  ages  (3  to  7),  but  superior  in  all  the  upper  ages  (8  to 
13).  This  is  due  to  the  fact  that  the  intelligence  of  our  feeble- 
minded cases  does  not  increase  markedly  in  the  higher  chrono- 
logical ages,  owing  to  the  fact  that  some  of  the  older  cases  were 
imbeciles  and  low  grade  morons. 

From  the  data  shown  above  it  is  obvious  that  entirely  dis- 
crepant results  in  the  psycho-motor  rating  of  clinic  cases  would 
be  secured  according  as  the  examiner  made  use  of  Sylvester's, 
Goddard's  or  my  own  age-norms.  I  recall  very  distinctly  that 
when  I  was  using  Goddard's  norms  the  psycho-motor  age  of 
my  clinic  cases  in  the  majority  of  instances  was  distinctly  higher 
than  their  B.-S.  age,  so  much  so  that  I  had  been  led  to  believe 
that  motor  development  as  a  rule  was  distinctly  in  advance  of 
intellectual  development.  On  the  other  hand,  when  I  used 
Sylvester's  norms  the  superiority  of  motor  over  intellectual  age 
was  not  nearly  so  pronounced. 

In  order  to  show  the  significance  of  these  statements  I  have 
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computed  the  psycho-motor  ages  by  means  of  Sylvester's,  God- 
dard's  and  my  own  normal  chronological  norms  for  the  last  lOO 
consecutive  cases  in  my  clinic  files.  In  order  to  obtain  a  hundred 
records,  however,  it  was  necessary  to  examine  125  cases. 
Twenty-five  records  had  to  be  discarded,  either  because  the  rates 
were  so  slow  that  they  could  not  be  brought  within  the  lower 
limit  of  Goddard's  and  my  own  scale  or  within  the  upper  limit 
of  Goddard's  norms.  When  the  age-norms  supplied  by  these 
3  investigations  did  not  precisely  correspond  with  the  individual 
reaction  rates  (fastest  record  out  of  three)  of  my  clinic  cases, 
the  age-norms  were  estimated  in  tenths  of  a  second  and  interpo- 
lated between  the  available  norms.  Thus  the  score  17  sec,  which 
falls  between  ages  7  and  8  in  my  scale,  was  estimated  as  age 
7.8  years. 

The  average  psycho-motor  age  in  each  column  was  determined 
by  averaging  the  ratings  according  to  the  standards  of  the  differ- 
ent investigators  for  all  the  subjects  in  a  given  B.-S.  age  classifi- 
cation. All  of  the  subjects  had  been  given  the  B.-S.  tests 
according  to  my  own  1908  Guide.  The  subjects  have  also  been 
rated  by  the  191 1  scale,  but  the  191 1  rating  is  not  used  here.  We 
shall  compare  the  1908  and  191 1  ratings  elsewhere. 

From  the  table  on  page  39,  it  is  apparent  that  the  average 
psycho-motor  age  which  the  children  attain  is  higher  in  every 
age  when  measured  by  Sylvester's  and  Goddard's  norms  than 
when  measured  by  my  own,  and  that  it  is  higher  when  measured 
by  Goddard's  than  by  Sylvester's  age  standards  in  all  except  the 
two  lowest  ages.  The  average  difference  between  Sylvester's 
and  my  rating  is  1.7  years,  and  between  Goddard's  and  my  own, 
2.22  years.  This  represents  the  average  of  all  the  differences 
for  all  the  7  ages  considered.  The  largest  difference  in  any  one 
age  between  Sylvester's  and  my  standards  is  2.0  years.  Age  VIII ; 
and  between  Goddard's  and  my  standards  3.2  years,  age  X.  The 
smallest  difference  in  any  one  age  is  1.5  years  (Sylvester,  age 
VI;  Goddard,  age  IV).  The  smallest  difference  in  any  one  age^ 
between  Goddard's  and  Sylvester's  norms  is  .1  and  the  largest 
1.5  years. 

It  requires  little  argument  to  convince  any  one  that  when  the 
difference  in  psycho-motor  rating  by  Sylvester's  and  Goddard's 
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norms  may  amount  to  1.5  years,  and  when  1.5  years  is  the 
smallest  difference  in  any  age  between,  the  rating  according  to 
Goddard's  or  Sylvester's  and  my  own  norms,  wholly  discrepant 
clinical  conclusions  will  be  drawn  with  respect  to  the  psycho- 
.*iotor  capacity  of  the  individual  pupil  according  to  the  standard 
of  measurement  which  is  employed. 

Psycho-motor  age  as  determined  by  Sylvester's,  Goddard's  and    Wallin's 

Norms  and  the  combined  averages  of  the  results  of  these 

three  investigators. 

Goddard         Wallin       S.,  G.  &  W. 
B.-S.  Age  IV 

5.5 
B.-S.  Age  V 

6.0 
B.-S.  Age  VI 

B.-S.  /^c  VII 

8.0 
B.-S.  Age  VIII 

9.2 
B.-S.  Age  IX 

10.6 
B.-S.  Age  X 
"•I 
No.,  number  of  cases.    Figures  represent  averages.    S.,  G.  &  W.»  psycho- 
motor age  as  determined  by  the  averages  based  on  all  of  Sylvester's,  God- 
dard's and  Wallin's  normal  cases. 

What  is  the  explanation  of  these  large  discrepancies?  The 
results  of  each  investigator  seem  to  be  consistent  within  them- 
selves, in  that  the  age-norms  consistently  show  an  increase  with 
increasing  age.  There  are  four  explanations  which  suggest 
themselves. 

First,  the  methods  of  giving  the  test  may  have  differed.  God- 
dard told  the  child  to  "put  each  block  into  its  hole  as  fast  as  he 
can."  He  does  not  indicate  whether  the  child  was  especially 
urged  to  do  his  best  in  all  three  of  the  trials.  Sylvester  did  not 
specially  urge  the  child  during  the  first  trial  to  do  his  best  ("un- 
instructed  first  trial"),  but  he  did  urge  him  to  "make  the  best 
possible  record"  during  the  second  and  third  trials.  On  the  other 
hand,  my  cases  were  uniformly  urged  to  do  their  best  from  the 
very  first.  This  factor  may  be  of  importance,  since  both 
Sylvester's  and  my  results  show  that  the  majority  of  children 
improve  from  test  to  test.  Since  my  cases  were  incited  to  put 
forth  their  best  efforts  from  the  beginning,  it  is  probable  that 
their  "best"  records  would  be  relatively  somewhat  better  than 
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Sylvester's  "best"  records,  which  are  based  on  the  shortest  record 
in  the  last  two  trials  instead  of  the  shortest  record  in  all  three 
trials. 

Goddard  showed  the  child  what  was  "to  be  done  by  placing 
a  few  blocks  in  their  proper  hole/'  while  Sylvester  after  the  first 
trial  gave  the  child  "any  instructions  necessary  to  make  him 
understand  where  the  blocks  belong."  The  latter  statement  is 
too  vague  to  enable  us  to  determine  the  precise  nature  of  the 
assistance  rendered,  but  it  does  not  appear  that  Sylvester  actually 
placed  any  blocks  in  their  recesses,  although  he  handed  blocks 
to  children  of  four  years  or  less.  None  of  my  cases  (except  a 
few  babies)  saw  the  blocks  placed  in  the  recesses,  but  they  saw 
them  rapidly  removed  by  the  experimenter  at  the  beginning  of 
the  test.  Goddard's  cases  evidently  received  the  greatest  aid, 
but  they  fail  to  show  it  in  the  results. 

As  far  as  it  is  possible  to  judge  from  the  available  description, 
Goddard  started  the  stop  watch  when  the  signal  to  start  was 
given  and  stopped  it  when  the  last  block  was  in  place.  Sylvester 
used  a  "ready-go"  signal,  but  he  does  not  make  clear  precisely 
when  the  watch  was  started  or  when  it  was  stopped.  My  timing, 
as  explained  on  p.  13,  invariably  began  when  the  child's  hand 
touched  the  first  block,  and  closed  when  the  last  block  was  down 
in  the  recess.  The  method  of  timing  may  be  a  factor,  but  this 
cannot  be  definitely  determined  because  the  statements  in  the 
texts  are  not  sufficiently  detailed.  If  Goddard  and  Sylvester 
started  the  watch  before  the  child's  hand  touched  the  first  block 
their  reaction  rates  would  necessarily  be  somewhat  slower. 

The  blocks  were  placed  in  a  pile  at  the  right  of  the  board 
(child's  right)  in  Goddard's  and  my  own  work.  Sylvester  placed 
them  in  three  piles  along  the  side  of  the  board  farthest  removed 
from  the  child.  This  is  probably  an  unimportant  factor,  although 
satisfactory  experimental  data  are  lacking. 

The  second  factor  concerns  the  personnel  of  the  examiners. 
Sylvester  evidently  gave  all  of  his  tests  himself,  thus  insuring 
imiformity  of  administrative  conditions  (although  not  necessar- 
ily, because  the  same  experimenter  may  vary  from  his  conditions 
as  a  result  of  fatigue,  exhaustion,  freshness,  etc.).  My  tests 
were  given  by  myself  and  two  assistants  who  had  observed  me 
test  numerous  cases  and  who  were  trained  to  bring  out  the  best 
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responses  of  the  children  from  the  outset.  I  cannot,  however, 
state  from  personal  observation  whether  or  to  what  extent  my 
assistants  varied  from  the  prescribed  conditions.  Goddard  does 
not  state  who  gave  the  tests  to  his  normal  cases.  This  factor 
may  have  been  partly  responsible  for  the  discrepancies,  but  the 
published  data  are  too  incomplete  to  permit  of  more  than  a  con- 
jecture, nor  is  there  any  experimental  evidence  available  which 
demonstrates  the  dependence  of  the  results  on  the  personal  equa- 
tion of  the  examiner.  We  have,  however,  frequently  noticed 
large  differences  in  the  ability  of  different  students  to  get  results 
in  this  test  in  our  clinic  courses. 

The  third  factor  relates  to  possible  environmental  (geograph- 
ical) differences  which  would  promote  or  retard  motor  develop- 
ment. Thus  city  children  as  the  result  of  environmental 
conditions  probably  develop  the  habit  of  rapid  reaction.  Again, 
the  energy  of  the  Pittsbufgher  in  constructive  achievement  in 
the  material  arts  is  notorious.  Sylvester's  cases  came  from 
Philadelphia,  most  of  my  cases  came  from  Pittsburgh,  while 
Goddard  does  not  state  where  he  got  his  cases.  They  probably 
came  from  the  country  or  the  country  village.  However,  no 
data  are  at  hand  by  which  to  evaluate  this  factor. 

The  fourth  factor  concerns  the  distribution  of  the  grade  of 
intelligence  of  the  cases  tested.  Goddard  merely  makes  this 
statement  regarding  the  character  of  his  array  of  "normal"  cases : 
''The  slight  deviations  in  the  time  (between  his  chronological 
and  mental  ages)  shows  the  presence  of  some  children  who  are 
slow,  backward  or  feeble-minded."  In  case  he  utilized  an  un- 
selected  array  of  children  from  the  school  cases  which  were  tested 
by  the  Binet-Simon  scale,  it  is  probable  that  a  large  percentage 
were  more  or  less  mentally  deficient,  because  according  to  his 
Binet  testing  8.4%  of  those  cases  were  retarded  from  3  to  7 
years.  Sylvester  excluded  all  "especially  backward  or  peculiar 
children."  So  far  as  it  is  possible  to  judge,  my  array  (see  p.  9) 
probably  included  a  smaller  percentage  of  backward  and  a  larger 
percentage  of  bright  children,  than  either  Goddard's  or 
Sylvester's. 

The  probability,  therefore,  is  that  my  norms  are  higher  (*.  e., 
the  rates  are  shorter)  both  because  my  cases  as  a  group  graded 
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somewhat  higher  in  intelligence  and  because  they  were  incited 
to  do  their  very  best  in  each  trial.  Which  of  these  two  factors 
is  the  more  important  cannot  be  determined  from  the  available 
published  data. 

Accepting  the  revelancy  of  the  first  factor  (we  have  elsewhere 
demonstrated  the  superiority  of  the  abler  pupils  in  this  test, 
Chapter  III)  we  have  here  an  indication  of  the  correctness 
of  the  position  which  has  been  previously  taken,  namely  that 
norms  for  normal  children  must  be  based  on  selected  cases  of 
normal  mentality,  and  not  on  an  unselected  array  of  school  cases, 
one-third  of  whom  are  usually  behind  grade  although,  to  be 
sure,  not  because  of  mental  deficiency.  We  would  suggest  as  a 
satisfactory  distribution  of  cases  the  following :  75%  of  average 
or  normal  mentality;  and  12.5%  of  retarded  and  backward,  and 
12.5%  of  bright  and  able  pupils. 

Because  of  the  significant  differences  revealed  by  the  fore- 
going analysis,  I  have  combined  Goddard's,  Sylvester's  and  my 
own  results  into  a  common  scale  (in  the  final  column  of  Table 
XLIX).  The  combined  values,  of  course,  lie  between  Goddard's 
low  standards  and  my  own  high  standards.  The  average  differ- 
ences for  ages  IV  to  X  (see  page  39)  between  these  combined 
norms  and  Sylvester's,  Goddard's  and  my  norms  is  +  .48,  -+-  -94 
and  —  1.28  of  a  year,  respectively.  That  is,  the  cases  would  rank 
higher  by  Goddard's  and  Sylvester's  norms  and  lower  by  my 
norms,  by  the  amounts  indicated. 

The  reprinting  of  the  norms  of  other  investigators  in  this 
book  (p.  34f.  and  Table  XLIX),  makes  it  possible  for  the  clin- 
ical worker  to  use  whatever  set  of  norms  he  may  prefer.  In 
case  my  norms  are  used,  care  must  be  taken  to  conform  strictly 
to  the  conditions  laid  down.  In  urging  children  to  put  forth 
their  best  efforts,  the  examiner  must  use  great  tact,  otherwise  the 
children  may  become  excited  and  actually  do  worse  than  if  they 
were  left  free  to  set  their  own  pace.  Examiners  who  do  not  care 
to  grade  children  by  the  half-yearly  norms,  will  probably  prefer 
to  use  the  combined  Sylvester-Goddard-Wallin  norms  which 
they  may  regard  as  most  reliable  or  conservative,  since  they 
represent  the  mean  results  of  three  independent  investigations, 
although,  as  must  be  recognized,  the  methods  employed  by  the 
three  investigators  have  not  been  exactly  the  same. 
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CHAPTER  III 

PSYCHO-MOTOR  CAPACITY  IN  RELATION  TO 
GRADE  OF  INTELLIGENCE 

School  cases,  or  normal  children 
Comparison  of  dull,  average  and  bright  pupils 

We  shall  first  compare  the  differences  between  each  of  the 
three  successive  ascending  groups  of  abihty:  that  is,  between 
the  dtill  and  the  average,  and  between  the  average  and  bright, 
for  all  the  ages  and  for  all  the  trials  (I  to  Sh.),  limiting  the 
comparison  to  the  combined  averages  for  the  two  sexes  in  the 
whole-year  classification,  in  Tables  I  to  XV.  This  makes  it 
possible  to  consider  104  losses  or  gains  between  the  three  grades 
of  pupils  (dull,  average  and  bright). 

In  62%  of  these  comparisons  (65  instances)  the  abler  pupils 
do  better  than  the  less  able ;  i.  e,,  the  average  do  better  than  the 
dull  and  the  bright  do  better  than  the  average  pupils  in  the  same 
age;  in  36%  of  the  instances  compared  (38  cases),  the  abler 
pupils  do  not  do  as  well;  and  in  1%  (i  instance)  the  scores  are 
the  same.  The  gross  amount  by  which  the  abler  surpass  the  less 
able  pupils  for  all  ages  and  all  trials  (I  to  Sh.)  is  154.6  sec., 
while  the  gross  amount  by  which  the  less  able  do  better  than  the 
abler  is  41.5  sec.  Thus  the  total  amount  by  which  the  more  in- 
telligent surpass  the  less  intelligent  is  11 3.1  sec.,  which  is  an 
average  superiority  of  1.08  sec.  for  each  instance  compared  or, 
in  other  words,  for  each  age. 

The  per  cents  of  instances  in  which  the  abler  pupils  do  better 
than  the  less  able  are  for  each  successive  trial  as  follows:  I,  65% 
(equal  in  4%)  ;  II,  65%  ;  III,  53% ;  and  Sh.,  65%.  The  more 
intelligent  surpass  the  less  intelligent  less  frequently,  during  the 
third  trial. 

The  average  amount  in  seconds  per  year  by  which  the  abler 
pupils  surpass  the  less  able  is  as  follows  for  each  trial:  I,  1.5 
sec.;  II,  1.2  sec.;  Ill,  .85  sec;  and  Sh.,  .65  sec.  On  the  whole, 
the  abler  pupils  show  their  superiority  most  in  the  first  two  trials. 
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Separate  comparison  of  a^verage  and  dull  pupils 
The  average  pupils  surpass  the  dull  in  8i  %  of  the  comparisons 
(52  instances),  while  the  dull  surpass  the  average  in  19%  of 
the  cases  ( 10  instances) .  The  total  amount  by  which  the  average 
surpass  the  dull  pupils  for  all  ages  (5  to  17)  and  all  trials  (I  to 
Sh.)  is  1 15.2  sec,  while  the  corresponding  total  amount  by  which 
the  dull  do  better  is  9.2  sec.  Subtracting  the  latter  from  the 
former  figure  and  dividing  by  the  number  of  comparisons  gives 
the  average  superiority  of  the  average  pupils  per  age,  which 
is  2.0  sec. 

The  average  pupils  surpass  the  dull  least  frequently  in  the 
first  trial  (in  69%  of  all  the  comparisons,  as  compared  with  84% 
in  II,  III  and  Sh.).  The  average  superiority  per  year  in  units 
of  time  is  also  less  in  the  first  trial  (1.8  sec.)  than  in  the  second 
(2.5  sec.),  or  third  (2.1  sec.).  It  is  least,  however,  for  the 
shortest  scores  (1.5  sec). 

The  younger  average  pupils  (ages  5  to  10,  inclusive)  surpass 
the  younger  dull  pupils  more  frequently  (in  91%  of  all  com- 
parisons) than  the  older  average  pupils  (ages  12  to  17)  surpass 
the  older  dull  pupils  (66%).  The  average  amount  of  superiority 
per  year  over  the  dull  pupils  is  also  very  much  larger  among 
the  younger  than  the  older  average  pupils  (3.6  sec.  vs.  .41  sec). 

Comparison  of  average  and  bright  pupils 

There  is  very  little  difference  between  the  average  and  bright 
pupils.  The  average  pupils  surpass  the  bright  rather  more  fre- 
quently. They  are  ahead  in  52%  (or  27)  of  all  the  comparisons, 
the  bright  are  ahead  in  46%  (or  24),  while  in  2%  (or  i)  the 
scores  are  equal.  In  units  of  time,  however,  the  bright  are 
slightly  ahead.  The  total  amoimt  by  which  they  excel  the  aver- 
age for  all  ages  and  for  all  trials  (I  to  Sh.)  is  39.4  sec,  while 
the  corresponding  total  for  the  instances  in  which  the  average 
excel  is  32.3  sec,  a  gross  difference  of  7.1  sec,  or  an  average 
difference  per  year  of  .14  sec,  which  is  quite  negligible. 

In  the  younger  years  (ages  4  to  9,  inclusive),  the  bright  pupils 
excel  in  only  46%  of  the  instances  compared  (n),  the  average 
in  50%  (12),  and  the  scores  are  equal  in  4%  (i).     But  here. 
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again,  the  bright  surpass  the  average  to  a  slight  extent  in  the 
amount  of  superiority — ^by  an  average  of  .4  sec.  per  year. 

In  the  older  years  (ages  11  to  16,  inclusive)  the  average 
pupils  are  consistently  ahead,  excelling  in  54%  of  the  compari- 
sons (13  out  of  24),  with  an  average  superiority  per  year  of 
.3  sec. 

When  the  data  are  analyzed  separately  for  each  trial  it  is  seen 
that  the  bright  do  consistently  better  than  the  average  in  the 
first  trial,  and  consistently  poorer  in  the  other  trials.  In  the  first 
trial  the  bright  excel  in  61%  of  the  ages  (8  ages),  the  average 
in  31%  (4  ages),  and  the  scores  are  equal  in  S%  (i  age).  The 
average  amount  of  superiority  per  year  amounts  to  1.2  sec.  In 
the  remaining  trials  the  average  surpass  the  bright  by  the  per 
cent  of  ages  (first  line)  and  by  the  average  amount  in  seconds 
per  year  (second  line)  which  are  indicated  in  the  following 
tabulation : 

II         III         Sh. 
Per  cent  of  ages:  54  67  54 

Amount  of  superiority :  .06         .38         .24 

It  is  evident  that  so  far  as  there  is  any  significant  difference,  it 
is  limited  to  the  first  trial. 

Comparison  of  dtUl  and  bright  pupils. 

The  relation  between  form-board  performance  and  intelligence 
should  be  best  seen  by  comparing  the  extreme  groups,  the  dull 
and  the  bright  children.  The  bright  children  surpass  the  dull 
in  81%  of  the  comparisons  (39  instances),  while  the  dull  excel 
the  bright  in  19%  (9  instances).  The  sum  of  all  the  cases  in 
which  the  bright  excel  amounts  to  124.9  sec.,  while  the  sum 
of  all  the  instances  in  which  the  dull  excel  amounts  to  12.8  sec. 
Deducting  the  latter  figure  from  the  former,  and  dividing  by 
the  number  of  comparisons  (48),  we  get  2.3  sec.  as  the  average 
amount  per  year  by  which  the  bright  surpass  the  dull. 

The  bright  pupils  surpass  the  dull  most  frequently  in  the  first 
trial,  and  the  average  amount  of  superiority  is  likewise  largest 
in  the  first  trial,  as  indicated  by  the  following  per  cent  of  instances 
and  the  amounts  in  seconds  by  which  the  bright  excel  the  dull : 
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Trial:  I  II         III        Sh, 

Per  cent  of  instances  in  -which  bright  excel :       91%      75%      75%      ^3% 
Amount  of  superiority  of  bright  over  dull:      34 sec  2.1  sec,  2^ sec  1.5 sec. 

Although  the  older  bright  children  (ages  11  to  16,  inclusive) 
excel  the  older  dull  pupils  almost  as  frequently  as  the  younger 
bright  children  (ages  5  to  10,  inclusive)  excel  the  younger  dull 
ones,  the  average  amount  of  superiority  in  seconds  of  time  per 
year  is  very  much  greater  for  the  young  bright  compared  with 
the  young  dull  (4.0  sec.),  than  the  corresponding  figure  for  the 
older  bright  compared  with  the  older  dull  pupils  (.58  sec.). 
There  may  be  several  reasons  why  the  older  bright  children  do 
relatively  poorer  than  the  younger  bright.  First,  the  dull  pupils 
catch  up  more  and  more  as  they  grow  older.  This  may  be  so 
(and  undoubtedly  is  so  in  individual  cases)  but  evidence  has 
been  found  indicating  that  these  retarded  pupils  continued  to 
develop  at  a  retarded  pace  all  along  (pp.  i8f.,  33).  Second,  the 
pupils  who  were  over  fourteen  were  all  more  or  less  over-age 
for  the  elementary  schools.  Hence  they  were  all  pedagogically 
retarded.  The  teachers  probably  rated  them  as  bright,  average 
and  dull  relatively  to  one  another  and  not  relatively  to  children 
of  the  same  age  who  were  up  to  grade.  Teachers  and  parents 
constantly  tend  to  rate  children  relatively  to  those  in  the  same 
class,  or  those  with  whom  they  associate,  although  the  other 
children  may  be  younger.  Thus  both  the  parent  and  the  teacher 
reported  recently  that  a  subnormal  child  was  doing  just  as  well 
as  his  classmates  and  therefore  he  could  not  be  subnormal. 
Examination,  however,  revealed  that  the  child  was  8  years  old 
while  his  classmates  averaged  about  6  years.  Consequently,  since 
our  children  over  14  were  pedagogically  retarded  and  more  or 
less  mentally  retarded,  they  were  more  alike  than  would  have 
been  the  case  with  a  similar  number  of  children  taken  from  a 
normal  distribution  of  intelligence.  Third,  only  a  few  cases 
were  available  for  comparison,  particularly  so  far  as  concerns 
the  pupils  classified  as  "bright."  Ages  14  to  16,  inclusive,  con- 
tain only  9  bright  as  compared  with  33  dull  pupils. 

Clinic  cases,  arranged  according  to  B.-S.  age 
In  studying  the  intelligence  factor  in  the  clinic  group  we  shall 
first  compute  the  losses  or  gains  between  each  successive  ascend- 
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ing  group  of  intelligence  within  each  B.-S.  age^  which  is  avail- 
able for  comparison  in  Tables  XVI  to  XXVII.  That  is,  we  shall 
compare  the  imbeciles  with  the  morons  (or  the  next  higher  group 
if  morons  are  lacking),  the  morons  with  the  border-line  cases 
(or  the  next  higher  group  available),  the  border-line  with  the 
backward,  the  backward  with  the  retarded,  etc.,  in  the  same 
B.-S.  age.  The  comparison  will  be  based  on  the  shortest  scores 
(Sh.)  only,  considered  separately  for  the  boys  and  girls  (37 
comparisons  for  boys  and  30  for  girls).  That  is,  the  boys'  aver- 
ages in  a  given  classification  will  be  compared  with  the  boys' 
averages  in  the  next  higher  classification ;  and  the  girls'  averages 
will  similarly  be  compared  with  the  averages  for  girls  and  not 
for  boys  in  the  next  higher  classification. 

In  53%  of  the  cases,  irrespective  of  sex,  there  is  an  improve- 
ment, and  in  46%  a  loss  of  efficiency,  from  group  to  group.  The 
corresponding  per  cents  for  the  boys  are  54%  (gain)  and  469^ 
(loss),  and  for  the  girls  53%   (gain)  and  46%   (loss). 

The  total  amount  of  improvement  from  group  to  group  for 
the  36  comparisons  in  which  improvement  is  shown  is  147.2  sec., 
while  the  total  loss  for  the  31  cases  showing  losses  is  142.2  sec. 
The  average  amount  of  gain  from  group  to  group  (that  is,  the 
difference  between  the  total  gain  and  the  total  loss  divided  by 
the  number  of  comparisons)  is  thus  only  .074  sec,  which  is 
entirely  negligible.  The  corresponding  gain  for  the  boys  is 
.032  sec.  (91.2  —  90.0  -r-  37)  and  for  the  girls,  .12  sec.  (56.0  — 
52.2  -^30). 

We  may,  in  the  second  place,  compare  the  scores  (Sh.  only) 
between  the  lowest  and  the  highest  groups  of  intelligence  for  the 
boys  and  girls  separately  which  are  available  for  comparison  in 
each  B.-S.  (17  instances).  The  data,  unfortunately,  do  not  per- 
mit of  comparison  in  all  ages  between  the  extreme  groups,  e.  g., 
between  the  imbeciles  and  bright  children,  as  may  be  seen  in 
detail  by  an  examination  of  the  tables.  In  only  59%  of  the 
instances  compared  for  both  sexes  combined  do  the  highest 
groups  show  improvement  over  the  lowest  groups;  in  35%  they 
show  a  loss,  while  in  5%  the  averages  are  equal. 

1  The  difference  between  each  successive  B.-S.  ag&  also  represents  an  in- 
telligence difference,  but  this  is  considered  in  Chapter  II. 
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The  boys'  averages  show  a  gain  in  ^o%  and  a  loss  in  50%  of 
the  cases;  while  the  girls'  averages  show  a  gain  in  719^  and  a 
loss  in  14%  of  the  cases,  while  the  averages  are  equal  in  14%. 

The  gross  amount  of  gain  for  all  B.-S.  ages  is  33.1  sec.,  while 
the  gross  amount  of  loss  is  61.3  sec.,  leaving  an  average  loss 
per  B.-S.  age  of  1.6  sec.  If,  however,  two  instances  of  abnor- 
mally large  losses  are  eliminated  (boys  31.4  sec.  and  girls  18.4 
sec),  the  average  gain  per  year,  irrespective  of  sex,  is  only  1.4 
sec.  The  corresponding  figure  for  the  girls  is  3.1  sec.,  and  for 
the  boys  .35  sec. 

In  view  of  the  positive  correlation  found  in  general  between 
form-board  efficiency  and  the  degfree  of  intelligence  among  our 
normal  cases  when  compared  with  children  of  the  same  chrono- 
logical ages,  why  is  a  similar  correlation  not  more  pronouncedly 
evident,  instead  of  almost  lacking,  when  comparison  is  made  be- 
tween the  more  extreme  and  numerous  groups  of  our  clinic  cases 
when  classified  according  to  mental  age  ?  Even  the  average  im- 
provement between  the  lowest  and  the  highest  grades  in  thd 
same  mental  ages  amounts  to  less  than  one  and  a  half  seconds. 
Either  our  conclusion  from  the  analysis  of  the  school  data  is 
fallacious,  or  the  grouping  of  the  clinic  cases  is  wrong,  or  the 
comparison  is  vitiated  because  the  clinic  cases  are  classified  ac- 
cording to  B.-S.  age  instead  of  according  to  chronological  age. 
That  the  latter  is  the  true  explanation  would  appear  from 
theoretical  considerations.  In  the  B.-S.  classification  children  of 
markedly  different  chronological  ages  are  averaged  together  in 
each  B.-S.  age.  As  a  consequence  the  children  in  a  low  group 
may  readily  equal  or  excel  the  children  in  a  high  group,  because 
the  children  in  the  low  group  may  be  considerably  older  chrono- 
logically. It  is  not  to  be  expected,  for  example,  that  normal  or 
bright  B.-S.  Vl-year  children  of  a  chronological  age  of  five 
years  will  do  better  than  B.-S.  Vl-year  imbeciles  of  a  chrono- 
logical age  of,  say,  9  or  10  years.  The  latter  might  conceivably 
do  considerably  better  than  the  five-year  old  bright  children 
although  the  mental  level  of  the  two  groups  was  about  the  same. 
I  have  found  that  more  3-  and  4-year  old  normal  children  fail 
to  do  this  form-board  test  than  defectives  with  a  mentality  of 


Digitized  by 


Google 


PSYCHO-MOTOR  NORMS  FOR  PRACTICAL  DIAGNOSIS       49 

only  III  or  IV  years.  The  ability  measured  by  this  test  increases 
not  only  with  mental  age,  but  also  with  chronological  age.  That 
the  factor  of  chronological  age  is,  in  fact,  responsible  for  the 
discrepancy  appears  from  a  consideration  of  two  sets  of  facts. 

First,  not  only  does  the  chronological  age  fail  to  increase  reg- 
ularly or  significantly,  but  it  actually  decreases,  with  each  ascend- 
ing group  of  intelligence  within  each  B.-S.  age.  This  is  shown 
in  the  tabulation  on  p.  67  where  the  average  chronological  ages 
are  given  for  the  boys  and  girls  separately  for  all  the  groups  of 
intelligence  from  imbeciles  to  bright  cases,  irrespective  of  B.-S. 
rating.  It  is  seen  that  the  chronological  age  decreases  with  each 
higher  group  of  intelligence  with  only  one  exception  each  for 
the  boys  and  girls. 

The  following  tabulation  shows  the  same  fact  for  one  of  the 
B.-S.  ages  (VII)  which  contains  all  of  the  intelligence  groups 
except  idiots.  The  figures  represent  the  average  chronological 
age  in  each  group. 

Border- 
Groups:  Imbeciles   Morons        line  Backward  Retarded  Normal  Bright 
Boys:          13.33         12.18          9.38           8.79          8.17           759  545 
Girls:           13.70         11.86           986           941           758           6.87  6.08 

Not  only  does  the  chronological  age  not  increase  regularly 
from  age  to  age,  but  the  exact  opposite  occurs :  the  chronological 
age  decreases  regularly  for  both  the  boys  and  the  girls  in  each 
ascending  group  of  intelligence.  That  the  bright  children  were 
not  markedly  superior  to  the  imbeciles  in  this  age  is  not  sur- 
prising when  it  is  seen  that  the  latter  are  more  than  twice  as  old 
as  the  former. 

Second,  when  the  clinic  cases  are  classified  according  to  chrono- 
logical age  a  very  marked  improvement  does,  as  a  matter  of  fact, 
occur  with  increasing  grade  of  intelligence.  This  will  be  shown 
in  the  following  analysis. 

Clinic  cases,  arranged  according  to  chronological  age 

The  intelligence  groups  are  arranged  and  compared  precisely 
as  in  the  B.-S.  classification  of  the  clinic  cases  (see  Tables 
XXVIII  to  XL VII).  That  is,  the  average  of  the  lowest  group 
in  any  chronological  age  (say,  the  averages  of  the  imbeciles)  is 
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compared  with  the  average  of  the  next  higher  group  (say, 
morons)  in  the  same  chronological  age,  and  the  amount  of  gain 
or  loss  is  calculated.  Only  the  averages  based  on  the  shortest 
scores  are  compared  (55  comparisons  for  the  boys  and  39  for 
the  girls).  Comparisons  are  occasionally  impossible  in  the  low- 
est and  highest  chronological  ages  because  of  the  absence  of  data 
in  the  different  classifications.  Likewise  comparisons  between 
the  lowest  and  highest  classifications  in  each  age  are  sometimes  re- 
stricted to  adjacent  or  nearly  adjacent  classifications,  because  of 
the  absence  of  the  extreme  classifications.  Reference  to  Tables 
XXVIII  and  XL VII  will  indicate  in  detail  all  the  comparisons 
which  could  be  made. 

In  80%  of  the  comparisons,  irrespective  of  sex,  there  is  an 
improvement,  and  in  17%  a  loss  of  efficiency,  from  group  to 
group,  while  in  2%  the  averages  are  equal.  The  corresponding 
per  cents  for  the  boys  are  87%  (gains),  10.9%  (losses)  and 
1.8%  (equal),  and  for  the  girls  71%  (gains),  25%  and  2.5%. 

The  total  amount  of  improvement  for  the  76  instances  show- 
ing gains  is  555.8  sec.,  while  the  total  amount  of  loss  for  the 
16  instances  showing  losses  is  79.1  sec.,  leaving  a  net  gain  of 
476.7  sec.  The  average  amount  of  gain  from  group  to  group 
for  all  the  94  comparisons  (including  two  instances  of  equal 
scores)  thus  amounts  to  the  considerable  sum  of  5  sec.,  instead 
of  the  negligible  amount  found  when  the  groups  were  compared 
in  the  B.-S.  classification.  The  corresponding  gains  for  the  boys 
is  5-5  (356.7  —  544  -^  55)»  and  for  the  girls,  4.4  sec.  (i99-i 
—  24.7-^39). 

When  we  compare,  as  before  (p.  47),  the  averages  in  the 
lowest  and  the  highest  groups  of  intelligence  which  are  available 
in  each  chronological  age,  it  is  found  that  there  is  a  gain  in  88% 
of  the  25  comparisons  for  both  sexes,  a  loss  in  8%,  and  the  same 
results  in  4%.  The  corresponding  per  cents  for  the  boys  are 
86%  (of  gains),  7%  (losses)  and  7%  (equal),  and  for  the  girls 
91%  (gains)  and  9%  (losses). 

The  gross  amoimt  of  gain  for  the  23  instances  of  gain  in  all 
the  chronological  ages  is  504.5  sec,  and  the  gross  amount  of 
loss  (2  instances)  is  1.7,  leaving  an  average  gain  from  the  low- 
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«st  to  the  highest  group  in  each  chronological  age  of  20.1  sec. 
The  corresponding  figure  for  the  girls  is  17.8  sec.  and  for  the 
boys  21.8  sec.  It  is  apparent  that  there  is  an  enormous  increase 
in  form-board  efficiency  with  increasing  intelligence  when  the 
subnormal  cases  are  classified  according  to  chronological  age. 

General  Results  and  Conclusions 

1.  Psycho-motor  efficiency,  as  measured  by  this  test,  varies 
with  the  grade  of  intelligence.  This  has  been  shown  both  for 
normal  and  abnormal  cases.  Average  children  do  better  than 
dull  children  of  the  same  age,  bright  better  than  average  (al- 
though not  clearly  so  indicated  for  our  school  cases),  backward 
better  than  feeble-minded,  morons  better  than  imbeciles.  We 
have  already  emphasized  the  corroborating  fact  that  the  speed  is 
found  to  vary  with  ascending  chronological  age  for  normal 
children  and  with  ascending  B.-S.  age  for  subnormal  cases 
(pp.  28  and  29). 

2.  The  fact  that  our  average  school  children  surpassed  the 
dull  children  more  consistently  and  more  pronouncedly  (in  81% 
of  the  comparisons  and  by  an  average  of  2  sec.  each  age)  than 
the  bright  children  surpassed  the  average  children  (in  only  46% 
of  the  comparisons  but  by  an  average  of  only  .14  sec.  per  age) 
would  seem  to  indicate  either  that  some  of  the  average  cases 
should  have  been  classified  as  bright,  or  some  of  the  bright  cases 
should  have  been  classified  as  average.  As  a  matter  of  fact  one 
of  the  schools  did  not  rate  any  of  the  children  as  bright,  although 
it  is  quite  probable  that  some  should  have  been  so  rated,  while 
two  schools  classified  as  many  as  16%  of  the  children  enrolled 
at  the  time  as  among  the  "brighter"  pupils.  It  is  quite  probable 
that  had  these  schools  been  asked  to  classify  all  their  pupils  into 
three  groups  of  dull,  average  and  bright,  many  of  the  "brighter" 
cases  would  have  been  classified  as  "average,"  and  the  "brighter" 
children  would  then  have  clearly  surpassed  the  average.  More- 
over, it  is  also  probable  that  many  of  the  children  included  among 
the  "brighter"  pupils  in  the  school  in  the  poorer  section  would 
not  have  been  so  rated  in  the  school  located  in  the  socially  and 
financially  superior  district.     These  considerations  suggest  that 
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the  grouping  of  the  bright  pupils  is  less  accurate  than  the  group- 
ing of  the  average  or  the  dull  pupils,  hence  the  smaller  difference 
between  the  bright  and  the  average  than  between  the  average  and 
the  dull. 

3.  When  different  grades  of  subnormal,  normal  and  super- 
normal children  are  sub-classified  into  intelligence  groups  in  the 
mental  age  (B.-S.)  in  which  they  belong,  there  is  little,  if  any, 
increase  in  efficiency  with  each  ascending  group  of  intelligence 
(within  the  same  mental  age).  There  was  improvement  only 
in  53%  of  the  groups  compared,  with  an  average  gain  per  group 
of  only  .074  sec.  The  reason  there  is  practically  no  improve- 
ment is  that  when  children  of  the  same  mental  age  are  classified 
into  groups  according  to  degree  of  brightness  (or  dullness)  the 
chronological  age  usually  decreases  instead  of  increases  with 
each  ascending  inteUigence  group.  Hence  the  increasing  skill 
which  we  have  found  to  be  correlated  with  intelligence  is  neu- 
tralized by  the  higher  chronological  ages  in  the  less  intelligent 
groups.  On  the  other  hand,  when  the  pupils  are  similarly  ar- 
ranged in  subgroups  within  the  same  chronological  age,  there  is 
a  decided  increase  in  capacity  with  each  ascending  group  of  in- 
telligence. It  is  found  that  80%  of  the  successive  groups  com- 
pared show  an  increase,  while  the  average  increase  per  group 
amounts  to  5  sec.  The  average  increase  between  the  lowest  and 
the  highest  group  of  intelligence  is  4  times  as  large.  The  reason 
for  the  improvement  here  is  that  the  heightened  psycho-motor 
capacity  which  goes  with  intelligence  is  not  affected  by  chrono- 
logical age,  since  the  chronological  age  is  constant.  It  is  clear 
that  psycho-motor  capacity  varies  not  only  with  mental  age  but 
also  with  chronological  age.  Thus  a  13-year  old  imbecile  with 
a  Vll-year  mentality  may  be  superior  to  a  5-year  old  bright 
child  of  the  same  mental  age. 

4.  It  is,  therefore,  evident  that  wholly  erroneous  conclusions 
may  be  drawn  with  respect  to  the  differences  in  various  mental 
traits  between  various  intelligence  grades  of  children  or  adults 
when  the  subgroups  are  arranged  according  to  mental  age  in- 
stead of  chronological  age.  No  matter  how  important  and  de- 
sirable it  may  be  to  regard  the  mental  classification  as  basic,  no 
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analysis  is  adequate  unless  the  data  have  also  been  classified 
according  to  chronological  age.  Hitherto  such  a  two  fold  analysis 
of  psychological  data  has  never  been  attempted  on  an  adequate 
scale. 

5.  The  younger  among  able  pupils  apparently  do  relativefly 
better  than  the  older  abler  pupils  compared  with  the  younger  and 
older  among  less  able  pupils.  Thus  the  young  average  pupils 
surpass  the  young  dull  pupils  in  91%  of  the  comparisons  and  by 
an  average  of  3.6  sec,  while  the  older  average  pupils  surpass 
the  older  dull  pupils  in  only  66%  of  the  comparisons  and  by  an 
average  of  only  .41  sec.  Likewise  the  young  bright  surpass  the 
young  dull  pupils  by  a  larger  average  amount  than  the  old  bright 
surpass  the  old  dull  (by  4  sec.  compared  with  .58  sec.),  but  the 
frequency  is  about  the  same.  The  comparison  between  average 
and  bright  pupils  gives  ambiguous  results. 

6.  The  abler  or  more  intelligent  pupils  show  their  superiority 
over  the  less  intelligent  pupils  more  frequently  or  more  decidedly 
in  the  first  or  second  trial  than  in  the  third  trial.  The  bright 
pupils  excel  the  average  consistently  in  the  first  trial,  while  the 
average  are  ahead  in  the  other  trials.  Likewise  the  bright  sur- 
pass the  dull  pupils  most  frequently  and  most  emphatically  in  the 
first  trial.  The  average  pupils,  however,  surpass  the  dull  more 
frequently  and  by  larger  average  amounts  in  the  second  and 
third  than  in  the  first  trial.  On  the  whole,  these  results  probably 
justify  the  conclusion  reached  elsewhere  (pp.  yyf,  80,  82,  83^ 
86f ),  that  bright  or  intelligent  children  make  a  more  rapid  initial 
adjustment  than  dull  children.  If  bright,  average  and  dull  chil- 
dren react  somewhat  differently  in  the  successive  trials  of  the 
same  test  it  is  obviously  desirable  to  repeat  the  tests  if  we  would 
secure  reliable  data  as  to  the  intelligence  differences  between 
different  classes  of  children. 

7.  The  increase  in  psycho-motor  capacity  from  group  to  group 
or  from  the  lowest  to  the  highest  group  i>i  intelligence  for  the 
clinic  cases  when  classified  according  to  B.-S.  or  chronological 
age  is  sometimes  greater  for  the  girls  and  sometimes  greater  for 
the  boys.  Apparently  the  improvement  in  the  more  intelligent 
groups  is  on  the  average  slightly  greater  for  the  girls  than  for 
the  boys,  but  the  results  are  not  consistent. 
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CHAPTER  IV 

SEX  DIFFERENCES  IN  FORM-BOARD  PERFORMANCE 
School  cases,  or  normal  children 

By  considering  all  the  separate  scores  for  the  bright,  average, 
atid  dull  boys  and  girls  in  all  the  trials  and  in  all  the  whole-ages 
from  4  to  17,  in  Tables  I  to  XV,  it  is  possible  to  make  148  com- 
parisons (the  data  are  somewhat  incomplete  in  ages  4,  16  and 
17).  In  yo%  (loi  instances)  of  these  cases  boys  are  superior 
to  girls  of  the  same  age,  in  27%  (44  instances)  the  girls  surpass 
the  boys,  and  in  2%  (3  instances)  the  scores  are  equal. 

In  Table  XLVIII,  where  only  the  shortest  scores  are  averaged 
by  half-years  for  ages  4  to  17J/2  for  the  two  sexes  irrespective 
of  the  sub-classifications  into  bright,  average  and  dull,  the  boys 
surpass  in  73%  (19)  of  the  half-ages,  and  the  girls  in  27%  (7), 
which  gives  approximately  the  same  ratio  of  masculine  su- 
periority. 

The  gross  quantitative  amount  of  superiority  in  all  the  in- 
stances in  all  the  ages  (4  to  17),  Tables  I  to  XV,  in  which  the 
boys  do  better  than  the  girls  amounts  to  259.1  sec.,  while  the 
corresponding  figure  is  63.1  sec.  for  all  the  instances  in  which 
the  girls  surpass  the  boys.  The  corresponding  figures  for  the 
half-year  scores  in  Table  XLVIII,  based  on  the  best  records 
only,  are  16.  i  and  3.6  sec.,  and  for  the  whole-year  scores  in  Table 
XLIX,  also  based  on  the  best  records  only,  they  are  9.7  and  .1 
sec.  (age  8,  the  only  age  in  which  the  girls  excel).  The  boys' 
average  amount  of  superiority  for  each  whole-year  for  all  the 
comparisons  in  Tables  I  to  XV  amounts  to  1.3  sec.  (after  deduct- 
ing the  girls'  gross  amount  of  superiority  from  the  boys'  gross 
amount  of  superiority).  The  corresponding  average  superiority 
of  the  boys  per  whole  year,  based  on  the  best  records  (Table 
XLIX,  ages  4  to  17),  is  about  half  as  large,  or  .61  sec.,^  while 

1  Eactly  the  same  figure  is  obtained  by  adding  all  the  scores  for  all  the 
boys  and  girls  separately  in  the  Sh.  columns  for  ages  4  to  17,  then  dividing 
each  by  tihe  total  number  of  boys  and  girls,  and  subtracting  <the  girls'  aver- 
age from  the  boys'  average. 
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the  superiority  for  each  half-year,  based  on  the  best  records  only 
(Table  XL VIII)  amounts  to  .48  sec. 

The  difference  amounts  to  over  i  sec.  in  five  ages:  age  5,  1.2 
sec.;  age  9,  1.3  sec;  age  11,  i.i  sec;  age  16,  1.4  sec;  and  age 
17,  1.6  sec 

The  average  or  normal  (particularly)  and  bright  boys  are 
relatively  more  superior  to  average  and  bright  girls,  than  the 
dull  boys  are  superior  to  the  dull  girls.  This  is  shown  by  the 
per  cent  of  cases  in  Tables  I  to  XV  in  which  the  boys  or  girls 
excel  among  the  bright,  average  and  dull  pupils : 


Bright 

Average 

Dull 

Boys  superior: 

62% 

81.S 

56.2% 

Girls  superior: 

37 

14.0 

40.5 

Both  equal: 

0 

3.5 

2.2 

The  average  amount  of  superiority  in  seconds  of  time  of  the 
average  boys  compared  with  the  average  girls  for  all  ages 
amounts  to  .65  sec  The  superiority  of  the  bright  boys  compared 
with  the  bright  girls  amounts  to  .51  sec.  Strangely  the  superior- 
ity in  terms  of  time  of  the  dull  boys  compared  with  the  dull  girls 
is  very  much  greater,  or  2.62  sec.  An  examination  of  the  tables, 
however,  will  show  that  this  result,  which  is  inconsistent  with 
the  greater  frequency  of  superior  records  among  the  boys,  is  due 
to  the  abnormal  results  in  ages  V  and  VI.  If  we  eliminate  these 
records,  since  there  are  only  5  dull  boys  and  5  dull  girls  in  both 
of  these  ages  the  boys'  superiority  will  be  reduced  to  .28  sec, 
which  is  considerably  less  than  the  boys'  superiority  in  the  aver- 
age and  bright  groups. 

Bolton,  using  the  tapping  test,  came  to  a  similar  conclusion, 
namely  that  the  "poor"  girls  excelled  the  "poor"  boys  more 
emphatically  than  the  "good"  girls  surpassed  the  "good"  boys. 
Thus  the  difference  in  the  number  of  taps  made  by  the  right 
hand  between  the  good  girls  and  the  good  boys  amounted  to 
only  1.5,  while  between  the  poor  girls  and  the  poor  boys  it 
reached  4.7  taps.^ 

The  boys'  superiority  over  the  girls'  is  slightly  more  frequently 
apparent  in  the  first  two  trials  than  in  the  third  or  shortest  score, 

*  Bolton,  T.  L.    The  Relation  of  Motor  Power  to  Intelligence.    American 
Journal  of  Psychology,  XIV,  1903,  p.  615!. 
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while,  contrariwise,  the  girls'  superiority  over  the  boys'  appears 
more  frequently  during  the  third  trial,  as  indicated  by  the  fol- 
lowing per  cents  (based  on  the  combined  averages  for  all  the 
bright,  dull  and  average  pupils  in  ages  4  to  17)  for  the  different 

trials : 

Per  cent  of  averages  Per  cent  of  averages 

in  which  boys  are  in  which  girls  are 

superior  to  girls  superior  to  boys 

I        II       III      Sh.  I        II       III      Sh. 

68       69       63       66  27       30       34       31 

The  superiority  of  the  boys  over  the  girls  in  terms  of  seconds 
amounts  to  1.77  sec.  in  the  ist  trial,*  1.21  sec.  in  the  lid,  1.41 
sec.  in  the  Illd,  and  1.05  in  the  averages  for  the  shortest  scores. 
The  boys  surpass  the  girls  relatively  less  frequently  during  the 
third  trial,  although  the  amount  of  superiority  in  seconds  of  time 
is  not  reduced  (the  figure  is  larger  than  in  the  second  trial). 
Apparently  boys  incline  to  do  their  best  more  frequently  at  the 
start  than  girls  do.  The  boys  make  a  vigorous  initial  attack 
more  frequently  than  do  the  girls.  Sylvester  makes  a  somewhat 
similar  observation.*  It  therefore  appears  that  girls  tend  to  gain 
relatively  more  than  boys  from  repetition.  This  being  so,  it  is 
evident  that  we  cannot  discover  all  the  sex  differences  in  the 
form-board  performance  by  a  single  trial.  We  need  to  g^ve  at 
least  three  trials.  We  have  seen  before  that  the  boys'  superiority 
over  the  girls'  based  on  the  best  whole-year  scores  is  only  about 
half  as  large  as  their  superiority  when  based  on  the  averages 
of  all  the  trials  (p.  54).  We  see  here  again  that  the  superiority 
in  units  of  time  is  least  for  the  averages  of  the  shortest  scores 
(1.05  sec.).  Accordingly,  the  best  single  index  with  which  to 
express  the  relative  efficiency  of  the  two  sexes  is  the  best  record 
in  the  three  trials. 

Whether  the  boys'  superiority  over  the  girls'  increases  or  de- 
creases with  increasing  chronological  age  does  not  appear  un- 
equivocally from  the  tabulations.  On  the  basis  of  the  148 
comparisons  in  Tables  I  to  XV,  to  which  reference    is    made 

•These  figures  arc  obtained  by  finding  the  differences  between  the  boys' 
and  girls'  averages  in  each  age,  adding  the  differences  for  all  the  ages,  and 
dividing  by  the  number  of  ages  compared. 

*  As  before,  p.  38. 
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above,  it  is  found  that  the  boys  are  superior  in  66%  of  the  in- 
stances in  ages  4  to  10,  inclusive  (girls  superior  in  34%),  and 
in  70%  of  the  instances  in  ages  11  to  17  (girls  superior  in  25%, 
equal  in  4%).  The  average  amount  of  boys'  superiority  per  year 
in  the  earlier  ages  (substracting  the  girls'  total  amount  of  su- 
periority from  the  boys'  total  amount  of  superiority  and  dividing 
by  the  total  number  of  instances)  amounts  to  1.6  sec,  but  in 
ages  II  to  17  to  only  .99  sec.  While  the  older  boys  surpass  the 
older  girls  more  frequently  than  the  younger  boys  excel  the 
younger  girls,  the  average  amount  of  the  superiority  is  less  for 
the  older  than  for  the  younger  boys.  But  this  seems  to  be  due 
to  a  few  abnormal  records  in  the  lowest  ages.  By  basing  the 
comparison  on  the  averages  for  the  fastest  records  only  (Table 
XLIX)  we  find  that  the  boys'  superiority  for  ages  4  to  10  is  .58 
sec.  per  year,  as  compared  with  .78  sec.  for  ages  11  to  17.  It 
appears  therefore  that  the  boys'  superiority  becomes  slightly  more 
patent  with  age — a  result  that  would  be  in  accordance  with  the 
alleged  fact  that  girls  mature  more  rapidly  than  boys,  whence 
they  should  do  relatively  better  during  their  younger  years. 

Sylvester  found  that  the  girls  excelled  at  11  and  12,  and  the 
boys  at  13  and  14.  Our  figures  do  not  entirely  confirm  these 
findings.  In  Table  XLIX,  whole-year  averages  based  on  the 
shortest  scores,  the  boys  do  a  trifle  better  in  all  these  ages  except 
14,  where  the  scores  are  equal.  In  the  corresponding  set  of  half- 
yearly  norms,  Table  XL VIII,  the  boys  excel  slightly  in  all  the 
ages  from  11  (lo^^-ii*)  to  14  (13^^-14'),  but  not  in  I4j4.  A 
detailed  analysis  of  all  the  averages  in  all  the  successive  trials 
for  the  bright,  average  and  dull  children,  in  Tables  I  to  XV, 
indicates  that  the  girls  did  relatively  better  in  ages  12,  13  and  14 
than  in  age  1 1  (where  the  boys  are  noticeably  superior),  although 
their  records  were  not  quite  equal  to  the  boys.  It  would  appear, 
therefore,  that  the  boys  drop  back  somewhat  from  ages  12  to  14 
in  psycho-motor  capacity,  as  measured  by  this  test,  so  that  their 
records  are  practically  the  same  as  the  girls.  The  average  differ- 
ence for  these  three  ages,  based  on  the  shortest  records  (Table 
XLIX)  is  negligible,  .2  sec.  Singularly  the  record  of  the  13- 
year  old  boys  is  exactly  the  same  as  that  of  the  12-year  old 
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boys;  and  the  record  of  the  13-year  old  girls  exactly  the  same 
as  that  of  the  12-year  old  girls.  Both  seem  to  have  reached  a 
"resting  plateau"  at  13.  It  may  be  added  that  the  records  for 
the  two  sexes  are  also  practically  the  same  for  ages  7  and  8. 

Clinic  cases,  arranged  according  to  B.-S,  age 

The  data  in  Tables  XVI  to  XXVII  enable  us  to  make  137 
comparisons  between  the  boys  and  girls  in  all  ages,  trials  and 
grades  (or  classifications)  of  intelligence  exclusive  of  the  aver- 
ages for  "all  grades"  (four  last  columns). 

In  50%  of  the  comparisons  (69)  the  girls  surpass,  in  49%  the 
boys  (67),  and  in  1%  the  scores  are  equal  (i  case). 

The  total  amount  of  superiority  in  the  instances  in  which  the 
g^rls  surpass  the  boys  amounts  to  387.6  sec.,  while  the  corre- 
sponding figure  for  the  instances  in  which  the  boys  surpass  the 
girls  is  349.4  sec.  The  girls'  average  amount  of  superiority  for 
each  B.-S.  year  for  all  the  comparisons  thus  amounts  to  only 
.28  sec. 

If,  however,  we  compare  the  combined  averages  for  "all 
grades"  of  pupils  in  each  of  the  ages  (the  last  four  columns,  44 
comparisons),  the  boys  appear  to  surpass  the  girls  somewhat  in 
all  the  trials.  The  following  tabulation  gives  for  each  trial  the 
per  cent  of  B.-S.  ages  in  which  the  boys  and  girls  excel,  and 
the  average  amount  in  seconds  per  B.-S.  age  by  which  the  boys 
surpass  the  girls.  The  latter  was  ascertained  by  computing  the 
amount  by  which  the  boys  surpassed  the  girls,  or  the  g^rls  sur- 
passed the  boys,  in  each  B.-S.  age,  adding  the  remainders  of  all 
these  differences,  subtracting  the  smaller  from  the  larger  of  the 
resulting  sums,  and  dividing  by  the  number  of  B.-S.  ages 
compared. 


Trial: 

I 

II 

Ill 

Sh. 

Boys  excel: 

54% 

72% 

54% 

63% 

Girls  excel: 

45% 

27% 

45% 

36% 

Boys'  ave.   superiority: 

2^  sec. 

.57  sec. 

—.25  sec* 

.50  sec 

Here  it  appears  that  the  boys  excel  relatively  most  frequently  in 
the  second  trial,  although  there  is  a  larger  quantitative  gain  (in 
seconds)  in  the  first  trials-due  to  the  dominant  influence  of  the 
exceptionally  large  score  for  the  girls  in  age  IV. 
*  Girls  superior  to  boys. 
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We  may  effect  another  comparison  between  the  sexes  by  sep- 
arately adding  the  totals  for  all  the  boys  and  all  the  girls  in  all 
the  ages  in  each  trial,  and  then  divide  the  resulting  sum  by  the 
total  nimiber  of  boys  and  girls  recorded  in  each  colimm.  The 
resulting  averages  are  as  follows : 

Trial:  I  II  III  Sh. 

Boys :         344  sec.    267  sec.    23.9  sec.    22.3  sec. 
Girls:         36.6  27.0  22.7  21.5 

Here  the  boys  excel  in  the  first  two  trials  by  2.2  sec.  and  .3  sec., 

while  the  girls  excel  in  the  third  trial  and  in  the  averages  of  the 

shortest  scores  by  1.2  sec.  and  .8  sec,  respectively. 

Finally  we  may  calculate  the  per  cents  of  instances  in  which 

the  boys  or  girls  excel  in  each  trial  separately  for  the  imbeciles, 

morons,  border-line,  backward,  retarded  and  normal  cases  and 

then  average  all  the  results  (137  comparisons).    It  will  be  seen, 

again,  in  the  following  tabulation  that  the  boys  excel  in  the  first 

two  trials  more  frequently  than  the  girls,  while  the  girls  excel 

more  frequently  in  the  third  and  shortest : 

Trial:  I  II  III  Sh. 

Boys  excel:       $2.6  55.  45*  43. 

Girls  excel:       44.3«         44-7  55-  5^. 

The  boys'  average  superiority  over  the  girls  for  each  B.-S.  age 
amounts  to  1.47  sec.  and  1.75  sec.  in  the  first  and  second  trials, 
while  the  corresponding  superiority  of  the  girls  in  the  third  trial 
and  the  shortest  scores  (Sh.)  amounts  to  2.34  sec.  and  1.32  sec. 

While  the  results  from  both  the  clinic  and  the  school  cases 
show  that  the  boys  relatively  to  the  girls  do  better  during  the 
first  two  trials,  and  the  girls  relatively  to  the  boys  do  better 
during  the  third  trial  and  in  the  averages  for  the  shortest  scores, 
there  is  a  discrepancy  between  the  two  groups  in  respect  to  the 
sex  difference  in  general  efficiency  in  the  form-board  per- 
formance. 

Among  the  clinic  cases  the  two  sexes  are  more  nearly  alike 
in  average  performance,  sometimes  the  girls'  averages  are  better, 
sometimes  the  boys' ;  in  some  trials  the  girls  excel,  in  others  the 
boys.  All  in  all,  the  girls'  records  possibly  tend  to  be  slightly 
better.  On  the  other  hand,  among  the  school  cases  the  boya 
dearly  excel,  although,  of  course,  there  are  many  individual  in- 
«  Both  sexes  equal,  2.6%. 
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Stances  in  which  girls  surpass  boys  of  the  same  age,  and  although 
the  average  difference  for  all  ages  varies  in  the  different  trials 
from  less  than  2  sec.  to  less  than  i  sec.  What  is  the  explanation 
of  this  discrepancy?  Possibly  it  can  be  explained  on  the  basis 
of  the  assumption,  generally  held,  that  backwardness  affects  boys 
more  seriously  than  it  does  girls.  "^ 

This  assumption,  however,  is  capable  of  a  two  fold  interpreta- 
tion :  first,  that  backwardness  is  more  freqtient  among  boys  than 
among  girls;  i.  e.,  that  there  is  a  larger  number  of  backward  or 
mentally  defective  boys  than  girls.  This  supposition,  which  is 
commonly  held,  is  merely  a  phase  of  the  familiar  theory  that 
there  is  greater  variability  in  the  male  sex  than  in  the  female  sex. 
Thus  Havelock  Ellis:  "From  an  organic  standpoint  .... 
women  represent  the  more  stable  and  conservative  element  in 
evolution."  The  male  shows  greater  variability  "for  almost  the 
whole  of  the  field  we  have  covered,"  and  this  has  "social  and 
practical  consequences  of  the  widest  significance."®  Or  Patrick: 
"Woman  is  less  modified  than  man  and  presents  less  variation. 
....  She  is  more  conservative,  representing  the  child  type, 
which  is  the  race  type  ....  man,  on  the  other  hand,  repre- 
sents variation.  The  mental  powers  peculiar  to  advancing  civ- 
ilization are  more  developed  in  him."®  Or  Miinsterberg : 
'^Women  are  nearer  the  average  type.  The  extreme  variations 
above  and  below  the  average  occur  more  frequently  with  men. 
They  show  the  greatest  development  of  intellectual,  emotional  and 
volutional  powers  in  the  case  of  scientific  or  artistic  or  political 
or  religious  genius  and  the  greatest  criminal  depravity."^® 

This  doctrine,  which  harks  back  to  Darwin's  conclusion  that 
the  secondary  sexual  characters  in  domesticated  animals  are  more 
variable  in  the  male  sex,  has  been  attacked  by  Pearson  who  re- 
gards it  as  a  piece  of  "pseudo-scientific  superstition,"^^  and 

^  Thus  Bolton,  T.  L.,  as  before.  Bolton  investigated  the  relation  of  motor 
;power  to  intelligence  in  60  good  and  60  poor  pupils. 

^£Uis,  Havelock.    Man  and  Woman,  1909. 

•Patrick,  G.  T.  W.  In  Quest  of  the  Alcohol  Motive,  Popular  Science 
Monthly,  1913.  Sept. 

10  Miinsterberg,  Hugo.    Psychology,  General  and  Applied,  1914,  232. 

A^  Pe^M'son,  K)»rl.    Variation  in  Man  and  Woman,  1897  (Chances  of  Death). 
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more  recently  by  Montague  and  HoUingworth^^  on  the  basis  of 
ID  anatomical  measurements  of  infants  at  birth. 

In  case  this  theory  were  true  it  is  evident  that  we  should  find 
a  predominance  of  both  subnormal  males  and  supernormal  males 
in  any  considerable  array  of  unselected  males  and  females. 

Second,  that  the  degree  of  backwardness  affects  boys  more 
intensely  than  g^rls.  This  means  either  that  there  are  relatively 
more  boys  than  girls  among  the  lowest  degrees  of  defectives 
(say,  idiots  and  imbeciles^')  ;  or  that  the  inferior  grades  of  boys 
are  inferior  to  the  inferior  grades  of  g^rls,  while  the  superior 
grades  of  boys  are  superior  to  the  superior  grades  of  girls. 

If  these  suppositions  are  to  account  for  the  sex  discrepancy 
found  in  our  two  groups  of  cases  it  must  be  shown  definitely: 
either  (a)  that  there  are  relatively  more  subnormal^*  boys  in 
proportion  to  the  number  of  subnormal  girls  in  the  clinic  group 
than  in  the  school  group;  or  (b)  that  there  is  a  greater  prevalence 
of  subnormal  boys,  particularly  of  the  lower  grades,  in  the  clinic 
group  than  subnormal  girls  in  the  clinic  group;  or  (c)  that  the 
lower  the  boys  rank  in  the  scale  of  intelligence  the  more  decidedly 
deficient  are  they  than  girls  of  a  similar  stage  of  intelligence. 

If  it  can  be  shown  that  hypothesis  (a)  or  (b)  or  (a)  and  (b) 
are  correct,  the  discrepancy  would  be  explained  without  the  need 
of  invoking  (c),  since  our  results  have  shown  that  subnormal 
children  are  less  efficient  in  form-board  performance  than  normal 
or  supernormal  children.  We  shall  consider  the  last  supposition 
(c)  first. 

In  the  following  tabulation  is  given  in  the  first  two  lines  the 
per  cent  of  instances  in  all  the  trials  of  the  form-board  in  which 
the  boys  surpass  the  girls,  and  the  girls  surpass  the  boys  in  the 
different  intelligence  classifications,  together  with  the  average 
amotmt  of  superiority  per  B.-S.  age  (third  line)  of  the  one  sex 

^Montagrue,  Helen,  and  Hollingworth,  Leta  Steffer.  The  Comparative 
Variability  of  the  Sexes  at  Birth.  The  American  Journal  of  Sociology,  XX, 
1914,  335  f . 

^'"Imbeciles  are  more  frequent  among  boys,  but  the  mortality  is  higher 
with  imbecile  girls" :    Warner,  Francis.    The  Study  of  Children,  1907,  245. 

^*  I  use  the  word  to  include  all  grades  classified  below  normal  or  average. 
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over  the  other  in  seconds,  based  on  the  Sh.  averages  (a  minus 
sign  indicates  that  the  girls  are  superior)  : 

Bordcr- 

Imbedles   Morons        line    Backward  Retarded  Normal  Bright 

Boys  excel:  64%         40%         5©%         5©%         <^%          35%  0% 

Girls  excel:  36%  Mh  SO%  49%  33%"  65%  ioo%i« 
Superiority 

in  sec.:    .27        —2.8        —.36        —14        —.56          —3.1  — 1-4 

Here  it  appears  that  the  normal  boys  have  a  poorer  record  than 
any  other  group  of  boys  relatively  to  the  girls'  scores,  and  the 
imbecile  boys  relatively  to  the  girls  have  the  best  records.  The 
boy  morons,  however,  do  poorer  than  the  higher  grades  of  sub- 
normal cases  (border-line,  backward,  and  retarded),  relatively 
to  the  girls  of  the  same  grade.  It  is  therefore  apparent  that  the 
evidence  as  to  the  inferiority  of  the  inferior  boys  is  by  no  means 
conclusive. 

In  another  connection,  however,  data  have  been  supplied  for 
a  number  of  B.-S.  and  other  tests  administered  to  333  male  and 
female  epileptics,  which  make  it  possible  to  compare  the  records 
of  each  test  for  the  two  sexes  in  each  B.-S.  age  tabulated.  From 
the  printed  tables^*^  it  is  possible  to  compute  the  differences  be- 
tween the  males  and  the  females  for  the  lower  half  and  the 
upper  half  of  the  B.-S.  ages  in  which  the  results  for  each  test 
are  recorded.  We  can  thus  determine  whether  the  lower  in- 
tellectual grades  of  males  are  inferior  or  superior  to  the  lower 
grades  of  females  to  a  smaller  or  greater  extent  than  they  are 
inferior  or  superior  to  the  higher  grades  of  females.  The  fol- 
lowing tabulation  gives  the  amount  of  superiority  of  the  females 
over  the  males  for  the  lower  and  higher  B.-S.  ages.  The  figures 
have  been  obtained  by  computing  the  sex  differences  in  each  B.-S. 
age,  then  adding  separately  (a)  the  instances  in  which  the  males 
excel  and  (b)  the  instances  in  which  the  females  excel,  then 
subtracting  the  smaller  total  from  the  larger,  and  dividing  the 
remainder  by  the  number  of  B.-S.  ages  included  in  the  compari- 

1"  Equal  4%. 

i«  Based  on  meager  data. 

"  Tables  X.  XI,  XV,  XVII,  XIX  and  XXII,  in  Experimental  Studies  of 
Mental  Defectives,  pp.  68^91.  The  data  tabulated  arc  not  always  sufficiently 
extensive  in  all  the  tabulations  to  render  the  results  entirely  trustworthy. 
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son.  The  tests  compared  here  are  the  form-boar4  and  the  fol- 
lowing B.-S.  testb :  naming  the  four  colors,  reading  the  selection 
about  a  fire,  reproduction  of  memory  units  from  the  selection 
thus  read  and  the  number  of  detached  words  uttered  in  3  min- 
utes. The  females  surpass  the  males  in  these  tests  by  the  fol- 
lowing amounts : 

Test:  Lower  B.-S,  Ages  Upper  B.-S.  Ages 
Form-board:                    23.8  sec  ,ia+i* 

Four  colors:  3.3  sec.  2.1 

Reading  selection:  8^4  sec.  1.7 

Memory  units:  .03  units  14.+ 

Detached  words:  1.3  words  1.$+ 

It  is  apparent  that  the  lower  grades  of  females  without  exception 
do  relatively  much  better  than  the  higher  grades  of  females,  as 
compared  with  the  low  and  high  grade  males,  so  that  for  this 

particular  group  of  epileptics  the  theory  is  sustained :  the  inferior 
grades  of  men  are  relatively  inferior  to  the  inferior  grades  of 
women,  in  all  the  tests  analyzed.  Even  should  further  investiga- 
tion demonstrate  that  this  conclusion  is  valid  for  the  epileptic 
class  in  general,  this  would  not  necessarily  prove  that  it  applies 
to  other  types  of  deviates  from  normal  mentality,  such  as  re- 
tarded, backward  or  feeble-minded  cases.  Owing  to  the  dis- 
crepancy on  this  point  in  the  data  presented  above  this  question 
cannot  be  considered  to  be  finally  closed.  It  remains  a  fertile 
field  for  experimental  investigation  in  future. 

Turning,  now,  to  the  first  supposition:  (a)  what  is  the  rela- 
tive percentage  of  boys  and  girls  in  the  two  groups  in  the  diflfer- 
ent  intelligence  classifications?  The  percentage  distribution  of 
the  diflFerent  classifications  of  boys  (based  on  the  total  number 
of  boys)  and  girls  (based  on  the  total  number  of  girls)  in  the 
clinic  and  school  cases  is  as  follows: 

Qinic  Cases  School  Cases 

Boys      Girls  Boys     Girls 

Subnormal  :i»              87.95       80^43  12.8       12.7 

Normal:                      10.22         9.77  76.9       73.7 

Supernormal  :*«            I.S9         977  10.1        13.5 

^>  The  4-  sign  indicates  that  the  males  surpassed  the  females. 
^'AU  cases  classified  as  below  normal  or  average. 
^All  cases  classified  as  above  normal  or  average. 
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It  is  apparent  on  cursory  inspection  that  the  proportion  of  sub- 
normal boys  relatively  to  the  number  of  subnormal  girls  is  per- 
ceptibly greater  in  the  clinic  than  the  school  group;  and  that  the 
number  of  supernormal  boys  relatively  to  the  number  of  super- 
normal girls  is  considerably  less  in  the  clinic  than  in  the  school 
group.  Our  finding,  namely,  that  the  clinic  boys  compared  with 
the  clinic  girls  do  relatively  poorer  than  the  school  boys  com- 
pared with  the  school  girls,  is  thus  in  accordance  with  expectation. 
Incidentally  it  may  be  observed  here  that  in  the  Bellefield 
School  there  were  more  boys  (9.1%)  than  girls  (6%)  rated  as 
bright,  but  more  girls  (86%)  than  boys  (81%)  rated  as  average, 
and  more  boys  (9.1%)  than  girls  (8%)  rated  .as  dull;  while  in 
the  Holmes  School  the  percentage  of  average  pupils  was  about 
the  same  for  the  boys  (82%)  and  for  the  girls  (81%),  and 
likewise  the  percentage  of  dull  cases  (boys  18%,  girls  18.8%). 
These  curves  of  distribution  are  quite  in  contrast  with  the  school 
statistics  of  retardation  and  elimination.  A  study  of  15  city 
school  systems  showed  that  there  were  13%  more  retardates  and 
repeaters  among  the  boys  than  among  the  girls,  and  17%  more 
boys  than  girls  were  eliminated.^^  Of  consecutive  cases,  largely 
juvenile,  clinically  examined  by  the  writer  in  university  and 
public  school  clinics — ^most  of  whom  were  sent  either  because 
of  suspected  feeble-mindedness  or  because  of  pedagogical  re- 
tardation— 70.8%  were  males  and  29.1%  females.  Of  the  pres- 
ent enrollment  (February  i,  191 5)  in  the  special  schools  in  St 
Louis  71.8%  are  boys  and  only  28.1%  are  girls.  Of  520  pupils 
who  had  been  in  three  subnormal  classes  in  Chicago  87.7% 
were  boys  and  12%  girls.  (It  has  been  claimed  that  the  children 
in  these  classes  are  backward  rather  than  feeble-minded.)  The 
average  number  of  "suspects" — candidates  reported  by  principals 
for  special  classes  in  Paris — ^was  3.7%  of  the  pupils  in  10  girls* 
schools  and  5.35%  of  the  pupils  in  8  boys*  schools.  These 
statistics  uniformly  indicate  that  there  are  more  subnormal  boys 
than  subnormal  girls.    The  explanation  is  frequently  made  that 

2^  For  a  recent  study  of  the  comparative  amount  of  retardation  among  the 
two  sexes,  see  Hill,  David  Spence.  Measurements  in  Elementary  Education. 
Department  of  Superintendence,  New  Orleans  Public  Schools,  1914,  i6f, 
20,27. 
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this  is  not  due  to  an  actual  preponderance  of  subnormal  boys, 
but  to  the  greater  readiness  of  school  authorities  to  report  boys 
than  girls  for  special  schools,  partly  because  the  subnormal  boys 
are  more  troublesome.  No  facts,  however,  have  been  produced 
proving  that  this  actually  is  the  case.  It  is  a  well  known  fact 
that  there  are  more  boys  than  g^rls  in  most  of  the  feeble-minded 
institutions  and  colonies.  Of  the  24,737  inmates  in  the  state 
institutions  of  the  United  States  in  1912-13,  13,077  were  males 
and  11,660  were  females.  Here,  again,  the  claim  is  made  that 
the  preponderance  of  boys  is  due  to  the  greater  reluctance  of 
parents  to  part  from  their  defective  female  offspring.  It  should 
be  emphasized,  however,  that  among  our  unselected  school  cases 
from  the  Bellefield  and  Holmes  schools  there  is  no  noticeable 
excess  of  subnormal  boys. 

Turning,  finally,  to  the  second  supposition  (b)  :  the  tabulation 
on  p.  63  shows  that,  while  there  are  A5%  more  normal  boys 
than  normal  girls  among  the  clinic  cases,  there  are  7.52%  more 
subnormal  boys  than  subnormal  girls,  and  8.18%  less  super- 
normal boys  than  supernormal  girls.  Tje  following  tabulation 
shows  that  there  are  relatively  slightly  more  of  the  lowest  grades 
(idiots,  imbecile)  among  the  boys,  a  larger  proportion  of  the 
middle  grades  (morons  and  border-line)  among  the  girls,  and 
a  larger  proportion  of  the  upper  grades  of  subnormal  (backward 
or  retarded)  among  the  boys: 

Subnormal 

Bovs  Girls 

Idiots:                       .63  .00 

Imbeciles:               12.14  11*27 

Morons :                  13.73  17^9 

Border-line :           1246  12.78 

Backward :             32.70  30.82 

Retarded :               16.29  8.27 

In  a  prior  classification  by  the  B.-S.  scale  of  a  village  of  epilep- 
tics we  fotmd  a  "larger  percentage  of  high-grade  males^*  than 
females.  Although  there  are  slightly  more  male  than  female 
idiots  (.7%  more),  the  male  imbeciles  are  fewer  (by  7%),  while 
the  male  morons  (by  4.8%)  and  male  retardates  (by  1.4%)  are 

**  Experimental  Studies  of  Mental  Defectives,  p.  99^^.  The  males  include 
both  the  boys  (under  21)  and  the  men  (21  and  over),  and  the  females  the 
gtrls  (under  21)  and  the  women  (21  and  over). 
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more  numerous.  Likewise  if  we  consider  the  separate  columns, 
there  are  less  men  than  women  idiots  (by  2.1%)  and  less  men 
than  women  imbeciles  (by  2.4%),  but  more  men  morons  (by 
3.1%)  and  retardates  (by  1.3%);  while  "there  are  more  boy 
than  girl  idiots  (by  5.7%),"  there  are  "decidedly  less  boy  im- 
beciles (by  20.8%)  and  decidedly  more  boy  morons  (by  11.5%) 
and  retardates  (by  3%)."  The  obvious  superiority  of  the  boys 
is  confirmed  by  the  above  figures,  although  a  relatively  large 
percentage  of  the  idiots  are  boys.  Likewise  the  average  amotmt 
of  retardation  was  greater  for  the  epileptic  girls  than  for  the 
epileptic  boys,  from  chronological  ages  i  to  13  by  an  average 
of  .8  years,  and  from  the  chronological  ages  from  14  to  20  by 
.9  years.  The  boys  showed  less  retardation  than  the  girls  in  the 
following  B.-S.  ages  by  the  average  amount  in  years  indicated 
by  the  figure  following  the  B.-S.  age,  which  is  given  in  Roman 
characters:  II,  3.5;  III,  .3;  VI,  3.8;  VII,  2.0;  VIII,  i.o;  and 
XI,  1.4.  The  girls  were  retarded  less  than  the  boys  in  the  fol- 
lowing B.-S.  ages  by  the  amount  indicated:  IV,  2.2;  IX,  2,7; 
and  X,  .4.**  Subtracting  the  sum  of  the  latter  from  the  stmi  of 
the  former  and  dividing  by  the  nvmiber  of  B.-S.  ages,  leaves  .74 
of  a  year  as  the  average  amount  by  which  the  boys  are  retarded 
less  than  the  girls. 

It  is,  of  course,  possible  that  females  preponderate  among  the 
low  grade  epileptics  and  males  among  the  low  grade  feeble- 
minded, while  the  males  preponderate  among  the  highest  grades 
of  subnormals  (backward  and  retarded  cases)  and  epileptics,  but 
the  available  data  are  inadequate  to  demonstrate  this  conclusion. 

Sylvester  reports  that  the  boys  in  the  special  classes  for  the 
backward  and  the  feeble-minded  in  the  Philadelidiia  public 
schools  were  decidedly  superior  to  the  girls  in  form-board  per- 
formance (by  an  average  of  5.9  sec),  and  attributes  this  to  the 
fact  that  the  "girls  of  these  classes,  as  a  group,  are  more  back- 
ward than  the  boys,"^*  the  girls  with  a  mentality  equal  to  the 
brightest  boys  being  left  in  the  regular  grades.  Unfortunately 
no  tabular  data  are  supplied  to  prove  that  there  actually  was  a 

*•  As  before,  p.  102. 
**  As  before,  16. 
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preponderance  of  low  grade  girls  in  the  groups  studied,  or  that 
the  low  grade  girls  did  poorer  than  the  low-grade  boys. 

It  is  evident  from  the  foregoing  analysis  that  the  questions 
as  to  whether  there  are  niunerically  more  subnormal  males  than 
females,  whether  there  are  more  males  than  females  in  the  ex- 
treme classifications,  and  whether  the  low  grade  males  are  rela- 
tively inferior  to  low-grade  females  while  high-grade  males  are 
relatively  superior  to  high-grade  females,  have  not  yet  been  con- 
clusively established.  In  order  definitely  to  solve  these  questions 
it  will  be  necessary  in  future  to  classify  by  exact  objective 
methods  and  subject  to  varied  tests  large  and  varied  groups  of 
xmselected  males  and  females.  No  such  studies  have  thus  far 
been  prosecuted  on  an  adequate  scale  and  subjected  to  adequate 
mathematical  treatment. 

However,  the  fact  that  the  subnormal  boys  are  relatively  more 
frequent  than  the  subnormal  girls  in  our  clinic  cases  than  in  our 
school  cases,  and  the  fact  that  there  are  relatively  more  sub- 
normal boys  than  subnormal  girls  in  the  clinic  gproup,  would 
seem  adequately  to  explain  why  the  clinic  boys  do  poorer  than 
the  school  boys  relatively  to  the  girls.  But  before  definitely  ac- 
cepting this  explanation  we  must  examine  another  contingency 
which,  if  true,  might  in  itself  account  for  the  relative  inferiority 
of  the  clinic  boys.  This  is  the  possibility  that  the  average 
chronological  age  of  the  clinic  g^rls  may  be  greater  than  that 
of  the  clinic  boys  of  the  same  intelligence  classification — ^possibly 
due  to  the  alleged  greater  reluctance  of  the  parents  and  the 
schools  to  send  backward  girls  than  backward  boys  to  special 
classes  or  to  the  clinic  for  examination.  The  average  chrono- 
logical age  of  all  the  boys  and  girls  in  each  classification  is  as 
follows  : 

Border-  Back-  Nor-  Aver- 

Imbeciles  Morons        line  ward  Retarded  mal  Bright  age 

Boys:      10.30        13.31          12.75  "-55           9.6o  8.78  546  11.28 

Girls:      11.54       13.72         12.23  Ii*i4         H-Oi  8.65  7.79  11.19 

While  the  boys'  and  girls'  averages  for  all  the  groups  are  prac- 
tically the  same,  the  girls  are  older  than  the  boys  in  4  of  the  7 
classifications.  In  two  of  the  groups  where  the  girls  are  older 
the  boys  excel  more  frequently  than  do  the  girls  (imbeciles,  re- 


Digitized  by 


Google 


68  /.  E.  WALLACE  WALLIN 

tarded^')  but,  contrariwise,  the  girls  also  excel  more  frequently^ 
than  do  the  boys  in  two  groups  (morons  and  bright).  On  the 
other  hand,  in  one  of  the  groups  where  the  girls  are  younger, 
the  boys  and  girls  excel  equally  frequently,  although  the  average 
gain  in  seconds  is  slightly  greater  for  the  girls  (border-line),  im 
the  second  group  the  boys  excel  slightly  more  frequently,  but  the 
average  gain  is  greater  for  the  girls  (backward),  and  in  the 
third  group  the  boys  do  decidedly  poorer  than  the  girls.  It  is 
thus  clear  that  the  discrepancy  cannot  be  referred  to  the  differ- 
ence in  chronological  age  between  the  two  sexes,  but  to  the  rela- 
tive preponderance  of  subnormal  boys  in  the  clinic  group. 

Since  there  is  a  preponderance  of  subnormal  boys  in  the  clinic 
cases,  the  conclusion  seems  to  follow  that  if  feeble-minded  boys 
and  girls  of  the  same  degree  of  intelligence  are  compared  the 
feeble-minded  boys  will  slightly  excel  the  feeble-minded  girls, 
just  as  we  have  found  to  be  the  case  with  normal  boys  and  epilep- 
tic males.  Epileptic  "males  excel  in  the  form-board  test,"  "par- 
ticularly in  the  average  for  the  high-grade  patients,  and  in  the 
average  and  M.V.  for  the  boy  morons."^*  In  the  general  average 
the  epileptic  boys  surpass  the  girls  by  20.9  sec,  and  the  men  the 
women  by  8.7  sec.^*^ 

From  the  foregoing  analysis  it  is  evident  that  in  order  to  se- 
cure legitimate  comparative  data  on  the  efficiency  of  the  two 
sexes  in  respect  to  any  given  trait  it  is  necessary  to  test  an  equal 
number  of  the  same  mental  grades  of  boys  and  girls.  Little,  if 
any,  heed  has  been  given  to  this  warning  by  the  experimental 
psychologists — aside  from  comparing  boys  and  girls  of  the  same 
chronological  age.  Some  experimental  pedagogists  when  testing 
the  doctrine  of  formal  discipline  have,  however,  attempted  a 
division  of  squads  into  groups  of  equal  capacity,  but  these  have 
been  mixed  squads  (containing  both  sexes).  If  we  test  a  pre- 
ponderance of  backward  girls  and  a  preponderance  of  bright 
boys  it  is  quite  manifest  that  our  conclusions  as  to  masculine 
superiority  may  be  wholly  erroneous. 

25  The  average  gain  in  seconds,  however,  is  greater  for  the  girls  in  the  re- 
tarded group. 
*•  As  before,  99. 
2^  The  results  are  discrepant  for  the  males  and  females. 
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General  Results  and  Conclusions 

1.  Boys  are  superior  to  girls  in  psycho-motor  capacity  as 
measured  by  this  form-board,  the  average  difference  for  each 
whole-year  amounting,  for  all  trials,  to  1.3  sec,  and  for  each 
half-year,  based  on  the  Sh.  scores,  to  .48  sec.  In  Graph  II  the 
boys'  curve  is  uniformly  better  than  the  girls'  from  age  8j4  to 
14,  except  in  age  10,  where  the  curves  practically  overlap.  The 
curves  after  age  1 5  are  based  on  too  few  cases  to  permit  of  any 
conclusion. 

The  subnormal  boys  and  girls  (clinic  cases),  however,  are 
more  nearly  alike  in  form-board  performance.  The  girls  slightly 
excel  when  the  comparison  is  confined  to  the  separate  successive 
groups  of  intelligence ;  while  the  boys  excel  when  it  is  based  on 
the  averages  for  "all  grades"  of  intelligence.  The  reasons  why 
the  subnormal  girls  did  relatively  better  than  the  normal  girls 
are :  first,  there  were  relatively  more  subnormal  clinic  boys  than 
subnormal  school  boys;  second,  there  were  relatively  more  sul>- 
normal  clinic  boys  than  subnormal  clinic  girls,  and  less  super- 
normal clinic  boys  than  supernormal  clinic  girls ;  and  third,  there 
were  relatively  slightly  more  low  grade  subnormal  boys  (idiots, 
imbeciles)  than  low-grade  subnormal  gi^rls.  The  latter  advan- 
tage for  the  girls  may,  however,  be  offset  by  the  fact  that  there 
were  relatively  more  boys  than  girls  in  the  highest  subnormal 
categories  (backward  and  retarded).  Detailed  analysis  of  the 
data  shows  that  a  possible  difference  in  the  chronological  ages 
between  the  boys  and  the  girls  is  an  entirely  negligible  factor. 

2.  The  boys'  superiority  over  the  girls  apparently  becomes 
more  marked  with  increasing  chronological  age,  although  the 
evidence  is  not  absolutely  conclusive.  The  boys'  superiority  is 
shown  visually  ip.  Graph  II,  based  on  the  half-yearly  classification 
as  explained  on  page  4.  The  boys'  curve  is  superior  in  19  and  the 
girls'  in  7  of  the  26  half-ages  which  permit  comparison  (no  data 
are  available  for  the  boys  in  age  17  and  for  the  girls  in  age 
i6j/^.  The  girls  are  slightly  superior  to  the  boys  in  age  6  in- 
stead of  inferior,  as  shown  in  the  curve).  In  no  age  where  the 
data  are  adequate  does  the  difference  amount  to  two  seconds. 
This  result,  however,  would  be  in  accordance  with  expectation,. 
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on  the  assumption  that  the  greater  maturity  of  the  girls  com- 
pared with  the  boys  is  more  marked  during  the  early  years  of 
childhood,  becoming  gradually  less  and  less  marked  as  the  girls 
grow  older. 

3.  The  superior  normal  boys  excel  the  superior  normal  girls 
more  frequently  and  decidedly  than  the  inferior  normal  boys 
excel  the  inferior  normal  girls.  The  bright  and  average  boys 
surpass  the  bright  and  average  girls  in  62%  and  81.5%,  respec- 
tively, of  the  comparisons,  and  by  an  average  of  .51  sec.  and  .65 
sec,  while  the  dull  boys  surpass  the  dull  girls  in  only  56.2  9fc  of 
the  comparisons  and  by  an  average  of  .28  sec. 

Our  data  are  somewhat  discrepant  with  respect  to  the  question 
as  to  whether  the  inferior  grades  of  feeble-minded  males  are 
inferior  to  the  inferior  grades  of  feeble-minded  females.  On 
the  other  hand,  a  comparison  of  the  records  in  five  tests  given 
to  institutional  cases  of  epilepsy  shows  that  the  lower  grades  of 
males  do  relatively  much  worse  than  the  higher  grades  of  males 
compared,  respectively,  with  the  lower  and  the  higher  grades 
of  females. 

Our  results  suggest,  but  they  do  not  conclusively  prove,  that 
the  male  sex  varies  more  than  the  female  sex,  for  while  our 
superior  boys  vary  more  than  the  superior  females  both  among 
the  normals  and  among  the  epileptics,  and  while  our  inferior 
males  vary  more  than  the  inferior  females  among  the  epileptics, 
our  inferior  males  among  the  feeble-minded  (clinic  cases)  do 
not  always  vary  more  than  the  inferior  feeble-minded  females. 
It  is  evident  that  we  must  collect  additional  data  on  an  extensive 
scale  before  we  can  make  categorical  pronouncements  upon  the 
moot  question  of  the  relative  variability  of  the  two  sexes. 

4.  Closely  related  are  the  questions  as  to  whether  there  are 
numerically  a  larger  percentage  of  subnormal  males  than  sub- 
normal females,  and  a  larger  percentage  of  the  lower  grades  of 
males  than  the  lower  grades  of  females.  Our  data,  in  the  main, 
tend  to  support  the  affirmative  answer  usually  given  to  this 
question.  We  find  far  more  boys  than  girls  in  the  special  classes 
in  St.  Louis ;  far  more  boys  than  girls  have  come  to  the  author's 
clinic  for  examination  during  the  last  three  years,  of  whom  the 
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great  majority  have  graded  below  normal;  a  larger  percentage 
of  the  boy  than  the  girl  clinic  cases  whose  records  have  been 
compared  in  this  form-board  study  were  subnormal,  and  fewer 
boys  than  girls  rated  as  supernormal;  and  among  the  "school" 
cases  studied  in  this  investigation  more  boys  than  girls  were 
classed  as  dull  and  less  were  classed  as  bright.  Moreover,  public 
school  statistics  of  retardation  generally  reveal  a  larger  percent- 
age of  boy  than  girl  retardates.  Likewise,  in  the  study  of  a 
village  of  epileptics  we  found  a  slight  preponderance  of  male 
idiots  over  female  idiots,  but  the  average  amount  of  retardation 
was  greater  for  the  girls  (by  .74  of  a  year),  possibly  due  to 
the  fact  that  there  were  relatively  less  male  than  female  imbeciles, 
and  more  male  than  female  morons  and  retardates. 

The  tentative  inference  from  our  data,  that  there  is  a  numer- 
ical preponderance  of  subnormal  males  over  subnormal  females, 
but  that  the  abler  males  surpass  the  abler  females,  invites  experi- 
mental verification  or  refutation  upon  an  extensive  scale. 

5.  In  order  to  arrive  at  legitimate  conclusions  iin  regard  to 
the  mental  differences  between  the  two  sexes  it  is  necessary  to 
test  approximately  equal  ntunbers  of  boys  and  girls,  or  men  and 
women  of  the  same  grade  of  intelligence.  Wholly  erroneous  in- 
ferences would  be  deduced  from  tests  based  on  a  preponderance 
of  inferior  males  and  a  preponderance  of  superior  females. 

6.  Both  the  normal  and  the  subnormal  boys  surpass  the  girls 
more  frequently  or  more  emphatically  in  the  first  or  the  second 
trjfal  than  in  the  third  trial.  Boys  overcome  the  initial  lag  or 
inertia  faster,  or  make  a  more  vigorous  initial  attack,  in  the 
form-board  test  than  girls.  Accordingly  the  girls  gain  relatively 
more  on  their  initial  records  from  repetition.  Because  of  this 
fact  it  is,  again  (see  pp.  32,  53,  99)  desirable  in  measuring  the 
mental  differences  between  the  sexes  to  give  the  same  tests  more 
than  once.  In  this  test  if  three  trials  are  given  the  best  record  of 
the  three  offers  the  fairest  index  of  performance  by  which  to 
compare  the  two  sexes. 

7.  Boys  and  girls  seem  to  reach  a  resting  plateau  at  the  same 
points,  namely,  ages  8  and  13.  The  records  at  age  13  are  the 
same  for  both  sexes  as  at  age  12,  while  the  records  at  8  are  prac- 
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tically  the  same  for  both  sexes  as  at  7.  We  do  not  find,  in  har- 
mony with  an  earlier  finding  that  the  boys'  curve  is  actually 
inferior  to  the  girls'  curve  at  12,  and  superior  at  13  and  14,  but 
that  it  is  practically  the  same  at  12  and  13  and  precisely  the  same 
at  14.  While  the  boys  thus  stagnate  somewhat  during  these 
years,  they  still  keep  well  abreast  of  the  girls.  We  likewise  find 
that  the  boys  are  clearly  superior,  instead  of  inferior,  to  the  girls 
at  II.  Warner  made  the  observation  that  "In  school  the  propor- 
tion of  those  who  are  dull  at  eleven  years  and  older  is  higher 
with  girls."28 

The  reasons  for  the  arrest  in  the  curves  at  ages  8  and  13  arc 
not  obvious.  It  may  be  due  to  retarded  or  accelerated  changes 
in  the  growth  curve.  But  i)f  this  is  the  explanation  why  do  not 
the  arrests  come  at  different  points  for  the  boys  and  the  girls? 
The  period  of  accelerated  growth  in  height  is  alleged  to  come 
at  7  for  girls  and  8  for  boys,  the  period  of  diminished  growth 
at  about  9  for  girls  and  1 1  for  boys,  and  the  period  of  maxima^ 
growth  at  13  for  girls  and  15  for  boys.  In  weight  the  arrest  is 
said  to  be  most  pronounced  at  9  for  girls  and  1 1  for  boys,  while 
the  greatest  increase  comes  at  13  or  14  for  girls  and  16  for  boys. 
The  customary  ascription  of  accelerations  or  retardations  in 
mental  developmental  age-curves  to  corresponding  physiological 
accelerations  or  retardations  still  rests,  I  believe,  upon  asstuned 
premises,  rather  than  on  demonstrated  evidence. 

*»As  before,  p.  246. 
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CHAPTER  V 

THE  INFLUENCE   OF   FAMILIARITY   AND   REPETI- 
TION  ON  PSYCHO-MOTOR  ABILITY 

There  is  a  number  of  factors  which  make  for  an  increase  in 
efficiency  in  this  type  of  test  in  the  second  and  third  trials.  These 
factors  are,  first,  initial  lag  and  "warming  up."  Experiments 
have  shown  that  there  is  a  period  of  inertia  at  the  beginning  of 
work  during  which  the  individual  is  struggling  to  become  better 
adjusted,  followed  by  a  period  of  rapid  adjustment  or  heightened 
eifectiveness.  Second,  familiarity.  In  this  experiment  this  con- 
sists in  the  better  perception  or  discrimination,  largely  visual, 
during  the  repeated  trials  of  the  solid  or  hollow  forms  (particu- 
larly on  the  part  of  the  low  grade  subjects),  the  knowledge  of 
the  locations  of  the  recesses  in  the  board,  and  the  association  of 
the  corresponding  blocks  with  these  locations.  Third,  motor 
facilitation,  or  the  improved  facility  of  grasping  the  blocks, 
handling  the  blocks  and  of  placing  them  rapidly  and  accurately 
in  the  proper  recesses  during  the  repeated  trials  (a  factor  whose 
influence  is  quite  obvious  in  the  lower  grades).  Fourth,  height- 
ened effort,  due  to  confidence  and  encouragement  bom  of  the 
initial  success,  and  the  stimulating  appeals  from  the  experi- 
menter. Fifth,  final  spurt.  The  knowledge  that  the  third  was 
the  final  trial  tended,  no  doubt,  to  stimulate  many  of  the  subjects 
to  put  forth  unusual  effort  during  this  trial.  All  of  these  factors 
are  elements  of  the  practice  curve — although  theoretical  scruples 
may  be  advanced  against  considering  an  improvement  curve  as 
a  practice  curve  when  there  are  only  two  repetitions. 

The  following  factors  would  tend  to  produce  a  loss  of  efficiency 
in  the  later  trials.  First,  fatigue.  Because  of  the  fact  that  there 
were  only  three  trials  in  all,  this  factor  is  probably  negligible 
except  in  those  lower  grade  cases  who  required  a  long  time  to 
do  the  test.  Second,  discouragement,  because  of  difficulty  to  do 
the  test  properly  the  first  time,  sometimes  observable  in  low 
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grade  cases.  Third,  confusion.  Some  children  get  confused 
when  hurried  too  much,  observable  in  children  of  all  types,  but 
particularly  in  the  lower  grades  and  in  the  cases  manifesting  the 
confusion  phenomena  of  the  epileptic,  the  disequilibrated  or 
alienated.  Fourth,  stubbornness  or  refusal  to  put  forth  greater 
and  greater  eflFort,  very  rarely  observable.  An  occasional  child 
will  deliberately  refuse  to  accelerate  his  speed,  sometimes  because, 
of  egotistic  contempt  for  the  test. 

School  casesj  or  normal  children 

The  analysis  of  the  successive  records  will  be  confined  to  the 
whole-year  averages. 

That  the  great  majority  of  the  school  cases  improved  with 
each  successive  trial  appears  very  clearly  from  the  following 
facts,  based  on  the  separate  comparison  of  the  bright,  average 
and  dull  pupils  in  the  successive  trials  (120  comparisons  ia 
Tables  I  to  XV)  : 

Eighty-two  per  cent  of  the  best  averages  (fastest  speeds)  were 
made  during  the  third  trial,  and  only  15%  during  the  second, 
and  2.5%  during  the  first  trial.  Contrariwise  92%  of  the  poor- 
est averages  (slowest  speeds)  were  made  during  the  first  trial 
and  only  5%  during  the  second,  and  2.^%  during  the  third  trial. 
Necessarily  the  average  records  (intermediate  speeds)  were  made 
in  the  second  trial;  actually  82%  are  found  here,  as  against 
12%  in  the  third  and  5%  in  the  first  trial. 

Based  on  the  combined  averages*  for  the  bright,  average  and 
dull  boys  and  girls  in  Tables  I  and  XV,  we  find  that  in  all  ages 
without  exception  all  the  slowest  performances  were  made  during 
the  first  trial,  all  the  intermediate  during  the  second  and  all  the 
fastest  during  the  third  trial.  If  the  averages  in  the  third  trial 
are  compared  with  the  averages  for  the  shortest  scores  (Sh.  col- 
umn) it  is  found,  again,  that  the  latter  are  faster  in  all  ages 
except  one  (age  seventeen,  where  they  are  equal). 

^Thes^  averages  were  not  computed  by  averaging  the  averages  for  the 
bright,  average  and  dull  pupils  and  dividing  by  three,  but  by  totalling  the 
scores  for  all  the  pupils  within  the  whole-age  classification  and  dividing  hy 
the  total  number  of  cases.  This  complete  method  of  computing  the  final 
av€rtiges  (which  alone  is  precisely  accurate)  has  been  emirfoycd  in  all  cases,, 
except  the  final  averages  for  the  M.V.'s. 
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The  amount  of  the  improvement  may  be  expressed  in  two 
ways:  first,  in  terms  of  the  difference  in  seconds  between  the 
fastest  and  slowest  averages,  or  between  the  averages  of  the  first 
and  third  trials,  or  between  the  averages  for  each  successive  trial ; 
and,  second,  in  terms  of  five  indices  of  improvement  (/).  The 
first  index  is  computed  by  dividing  the  different  averages  in  the 
first  trial  into  the  corresponding  averages  in  the  second  trial 

2 

(/  — ) ;  the  second,  by  dividing  the  averages  in  the  second  trial 

3 
into  the  corresponding  averages  in  the  third  trial  (/ — );  the 

third,  by  dividing  the  averages  in  the  third  trial  into  the  corre- 

ci, 
sponding  averages  for  the  shortest  (Sh.)  scores  (/ — ^)  ;  fourth, 

by  dividing  the  averages  in  the  first  trial  into  the  corresponding 

3 
averages  in  the  third  trial  (/ — )  ;  and  fifth,  by  dividing  the  aver- 
ages in  the  first  trial  into  the  corresponding  averages  for  the 
shortest  scores  (/ — ^).    Since  these  records  are  based  on  time 

performances,  an  index  less  than  unity  (i.oo)  indicates  a  gain 
while  an  index  in  excess  of  unity  indicates  a  loss.  The  diflference 
between  the  index  and  unity  may  be  taken  as  the  percentage  of 
loss  or  gain. 

The  improvement  between  the  slowest  and  fastest  successive 
averages,  based  on  the  combined  averages  of  the  bright,  average 
and  dull  pupils  (which  accordingly  means  between  the  first  and 
third  trials)  amounts  in  seconds  to  the  following  for  each  age: 

Age-  4        5       6     7     8      9      lo     II     12    13    14    IS     i6     17 

Gain:         16.3    13.6    8.7    6.    3.8    3.6    24    2^    1.8    2.    1.7    24    2.1    24 

The  average  improvement  per  age  for  the  14  years  is  4.9  sec. 

The  average  for  the  three  lowest  ages  is  more  than  2j4  times 

as  large  (12.8  sec.),  while  for  the  eight  highest  ages  it  is  not 

quite  half  as  large  (2.1  sec.). 

The  indices  of  improvement  are  as  follows  for  each  age : 
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Ages: 

4 

5 

6 

7 

8 

9 

2 

I 

.69 

71 

.78 

^ 

.87 

.87 

.    3 

2 

3 

93 

91 

92 

.82 

.91 

.97 

.95 
.99 

.94 
.94 

.93 

.96 

3 

I 
Sh. 

I 

.65 

.67 

.69 

'77 

.80 

.81 

.60 

.61 

.69 

.72 

'77 

.79 
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10  II  12  13  14  15  16  17  Ave. 
.89  .91  .90  .90  .$)2  .89  .90  .88  ^ 

.96  .94  .97  .95  .96  .93  .93  .90  .93 

.94  .94  .93  .94  .93  .97  .91  lOo  .94 

.86  .87  ^  ^  &7  .82  .84  So  .79 

Zi  .81  .82  .82  .82  ^  .78  .80  .76 

(The  indices  have  the  same  meaning  as  on  page  75.) 

Taking  the  averages  for  all  ages  (right  hand  column  above) 
the  per  cents  of  increase  are  as  follows:  15%  for  the  second 
trial  compared  with  the  first;  7%  for  the  third  compared  with 
the  second;  6%  for  the  shortest  averages  compared  with  the 
third  trial;  21%  for  the  third  compared  with  the  first  trial;  and 
24%  for  the  shortest  averages  compared  with  the  first  trial. 

Finally  if  we  compute  the  average  time  in  each  trial  for  all 
the  pupils  in  all  the  ages  we  get  the  following  figures : 

Trial:  I  II  lU  Sh. 

Averages :       20.8  sec.        17.5  sec.        16.6  sec.        15.7  sec 

The  difference  between  I  and  II  is  3.3  sec. ;  between  II  and  III 

.9  sec. ;  between  III  and  Sh.,  .9  sec. ;  between  I  and  III,  4.2  sec.; 

and  between  I  and  Sh.,  5.1  sec.     The  indices  and  per  cents  of 

improvement  are  as  follows: 

Sh.  3                Sh. 

%   / %     f-  %    f % 

3  I                     I 

6       .94  6       .79  ai        75        2S 

Basing  our  comparison  upon  the  performances  of  the  average 

pupils  only  the  gains,  in  seconds  of  time,  between  the  fastest  and 

slowest  of  the  three  successive  averages   in   each   age    are  as 

follows : 

Ages:  4        5      6      7      8      9      10     ii     12     13     14     15     16     17 

Gains:  i7j6    16.2    9.2    4.7    3.6    3.7    2.5    2.2    1.9    2.1     1.7     i.i    2.5    24 

The  average  improvement  per  age  for  all  ages  is  5.1  seconds. 
It  is  about  seven  times  as  large  for  the  three  lowest  ages  (14.3 
sec.)  as  for  the  eight  highest  ages  (about  2  sec.). 

The  indices  of  improvement,  based  on  the  records  of  the  aver- 
age pupils,  are  as  follows : 


2 

f- 

% 

f'- 

I 

2 

M 

16 

.94 
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Ages: 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

IS 

16 

17 

Ave, 

'^■■ 

,70 

.65 

.76 

.81 

^7 

.87 

.88 

.91 

.90 

.91 

.93 

.95 

.87 

.84 

.84 

f    '    : 

2 

.89 

.93 

.93 

.95 

.95 

.92 

.97 

.94 

.96 

.94 

.93 

.96 

.94 

.95 

.94 

I 

.96 

.93 

.96 

.94 

.94 

^97 

.94 

.94 

.94 

.95 

.94 

.92 

.92 

1.00 

.94 

.62 

.61 

.71 

.78 

.82 

.80 

.85 

.86 

.87 

.85 

.87 

.91 

,82 

.80 

.79 

/^-: 

I 

.58 

.57 

.68 

.73 

.78 

.78 

.80 

.81 

,82 

.81 

.82 

.85 

.75 

.80 

.75 

Taking  the  averages  for  all  ages  the  percentage  of  increase  in 
the  second  trial  over  the  first  amounts  to  16% ;  of  the*  third  over 
the  second,  6% ;  of  the  shortest  scores  over  the  third,  6% ;  of 
the  third  over  the  first,  21% ;  and  of  the  shortest  scores  over  the 
first,  25%.  These  figures  are  approximately  the  same  as  those 
given  for  the  corresponding  indices  on  pp.  76.  They  uniformly 
show  that  a  very  considerable  increase  in  efficiency  occurs  in  this 
test  from  only  two  repetitions,  about  three- fourths  of  the  im- 
provement during  these  repetitions  occurring  in  the  second  trial. 

Based  on  their  initial  records,  the  average  pupils  (above)  im- 
proved appreciably  more  than  the  dull  or  bright  pupils,  while  the 
dull  improved  about  the  same  or  slightly  more  on  their  first 
records  than  did  the  bright  pupils,  as  shown  by  the  following 
indices  and  per  cents  of  improvement  :^ 

2                 3              Sh.  3  Sh. 

/-  %      /-  %    / %     f-      %    f % 

I                  2               3  I  I 

Bright:                    .89  11        .94  6        .93  7        .85  15        .80       20 

Dull:                       .88  12       .94  6       .92  8       .84  16       .77       23 

3 
On  the  basis  of  the  fourth  index  (/  — )  the  average  pupils  gained 

6%  more  than  the  bright  and  5%  more  than  the  dull.  That  the 
average  pupils  gain  most  is  probably  due  to  the  fact  that  the 
bright  pupils  are  able  to  function  very  efficiently  from  the  start, 
hence  cannot  evince  so  large  a  gain  in  later  tests.  On  the  other 
hand,  the  dull  pupils  ought  to  show  a  large  gain  because  they 
make  a  poor  initial  start.  But  the  figures  show  that  they  are 
unable  entirely  to  overcome  their  initial  handicap,  although  they 
improve  relatively  a  trifle  more  than  the  bright  pupils.  The 
<  Based  on  ages  5  to  16,  inclusive. 
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bright  pupils  fail  to  improve  as  much  as  the  average  because  of 
their  high  initial  efficiency,  bat  the  dull  pupils  improve  less  than 
the  average  because  they  are  unable  to  overcome  their  inertia. 
That  the  dull  pupils  actually  made  a  larger  ratio  of  their  fastest 
records  in  the  first  and  second  trials,  a  larger  ratio  of  their  slow- 
est records  in  the  second  and  third  trials  and  a  larger  ratio  of 
their  intermediate  records  in  the  first  and  third  trials,  than  did 
the  bright  and  average  pupils,  is  shown  in  the  following  tabula- 
tion, in  which  is  given  the  percentage  of  the  fastest,  slowest  and 
intermediate  averages  which  come  in  the  first,  second  and  third 
trials,  for  the  bright,  average  and  dull  pupils : 

Distribution  of  Fastest  Averages 

First  trial  Second  trial  Third  trial 

Bright:  o%  15%  85% 

Average:  0%  7%  93% 

Dull  8%  15%  77% 

Distribution  of  Slowest  Averages 

First  trial  Second  tnal  Third  trial 

Bright:  100%  0%  0% 

Average:  100%  6%  0% 

Dull:  77%  15%  8% 

Distribution  of  Intermediate  Averages 

First  trial  Second  trial  Third  trial 

Bright:  0%  84%  15% 

Average:  0%  92%  7% 

Dull:  15%  69%  15% 

For  the  bright  and  average  pupils  dU  of  the  slowest  averages 
come  in  the  first  trial,  but  for  the  dull  23%  come  in  the  second 
and  third  trials.  For  the  bright  and  average  pupils  none  of  the 
fastest  averages  come  in  the  first  trial,  while  for  the  dull  8% 
come  in  this  trial. 

The  effect  of  repetition  is  very  much  greater  for  the  seven 
younger  ages  (4  to  10)  than  the  seven  older  ages  (11  to  17), 
as  shown  by  the  following  indices  and  per  cents  of  improvement: 

I  2  3  I  I 

Younger  ages:  .80  20  .93  7-^7  .75  as  .71  ap 
Older  ages:  .90       10       .94       6       .94       6       .84       16       ^      ao 

The  difference  between  the  indices  for  the  older  and  the 
younger  groups  amounts  to  10%  for  the  first  index;  1%  for  the 
second  index,  1%  for  the  third  index,  9%  for  the  fourth  index. 
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and  gfo  for  the  fifth  index  (  — ').  The  younger  children  uni- 
formly improve  from  repetition  relatively  more  than  older 
children,  particularly  from  the  first  repetition.  * 

The  gain  among  the  average  pupils  is  likewise  very  much 
greater  for  the  seven  younger  ages  (4  to  10)  than  among  the 
seven  older  ages  (11  to  17),  as  shown  by  the  following  per  cents 
of  improvement: 


2 

3 

Sh. 

3 

Sh. 

/- 

% 

f- 

% 

/ 

% 

/- 

% 

/ 

% 

I 

2 

3 

I 

I 

Younger  ages: 

.79 

21 

.93 

7 

.94 

6 

.74 

26 

.70 

30 

Older  ages: 

.90 

10 

.94 

6 

.94 

6 

.85 

15 

.81 

19 

The  difference  in  the  per  cent  of  improvement  amounts  to 
11%  in  the  first,  fourth  and  fifth  indices,  1%  in  the  second,  while 
the  gain  is  the  same  in  the  third  index.  Younger  children  im- 
prove relatively  more  on  their  initial  records  from  one  repetition 
than  do  older  pupils.  The  latter  gain  relatively  almost  as  much 
as  the  former  from  a  second  repetition ;  i.  e.,  the  gain  in  the  third 
trial  compared  with  the  second  is  almost  as  large  for  the  older 
as  for  the  younger  cases. 

The  young  bright  or  dull  children  also  improve  more  on  their 
initial  records  than  do  the  older  bright  or  dull  pupils.  But  the 
difference  between  the  young  bright  children  compared  with 
older  bright  children  is  smaller  than  the  difference  between  the 
young  dull  children  compared  with  the  older  dull  children,  as 
is  evident  from  the  following  indices  of  improvement  (except 
Sh. 


2 

3 

Sh. 

3 

Sh. 

/- 

/- 

/ 

/- 

f  — 

I 

2 

3 

I 

I 

Br^ht 

Younger* 

.88 

.92 

.93 

.82 

.77 

Older* 

.91 

.96 

•94 

.88 

Aj 

Difference 

.03 

.04 

.01 

.06 

.07 

Dull 

Younger* 

^5 

.88 

92 

.77 

.70 

Older* 

.90 

1.00 

.92 

.91 

Aj 

Difference 

.05 

.12 

.00 

.14 

.14 

The  difference  between  the  dull  groups  is  about  twice  as  great 
as  the  difference  between  the  bright  groups.     The  explanation 
*Ages  5  to  10.    »Ages  11  to  16. 
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is  probably  the  following.  The  younger  bright  child  already 
makes  a  fairly  effective  initial  adjustment  in  this  test.  He  has 
the  intelligence  needed  to  rapidly  adjust  himself  to  the  problem. 
-Accordingly  the  older  bright  child  cannot  markedly  improve  upon 
the  younger  bright  child's  initial  efficiency;  nor  can  he  improve 
as  much  from  repetition  as  his  younger  brother,  because  he  is 
operating  nearer  the  maximal  limit  of  human  possibility  in  this 
test. 

On  the  other  hand,  the  younger  dull  child  does  not  have  the 
necessary  intelligence  to  make  a  very  effective  initial  adjustment 
to  the  problem.  He  has  to  learn  to  identify  the  blocks  and  to 
locate  the  recesses.  This  he  succeeds  in  doing  measurably  suc- 
cessfully during  the  first  and  second  trials.  Hence  he  shows 
a  large  gain  during  the  second  and  third  trials — a  gain  due  per- 
haps more  to  his  improved  recollection  of  the  location  of  the 
recesses  than  to  motor  acceleration.  The  older  dull  child,  how- 
ever, has  sufficient  intelligence  to  readily  associate  the  blocks  and 
their  corresponding  recesses,  hence  he  does  relatively  better  dur- 
ing the  first  trial  and  therefore  does  not  improve  so  much  during 
the  subsequent  trials.  His  improvement  would  probably  depend 
primarily  upon  increased  motor  facilitation  (speed),  while  the 
improvement  of  the  younger  dull  child  would  depend  upon  in- 
creased motor  facilitation  plus  improved  perceptual  and  recogni- 
tive  factors. 

Clime  cases,  arranged  according  to  B.-S.  age 
The  analysis  is  based  on  the  figures  for  "all  grades"  for  both 
sexes  combined  in  Tables  XVI  to  XX VH  (last  four  columns). 
Eighty-two  per  cent  of  the  best  averages  were  made  during 
the  third  trial  and  only  i8%  during  the  second,  while,  likewise, 
82%  of  the  intermediate  or  average  records  were  made  in  the 
second  trial,  and  only  18%  in  the  third  trial.  All  the  poorest 
records  are  found  in  the  first  trial. 

The  amount  of  improvement  in  seconds  of  time  between  the 
best  (fastest)  and  poorest  (slowest)  of  the  three  successive  aver- 
ages amounts  to  the  following  for  each  successive  B.-S.  age : 


B.-S.  Age: 

III     IV      V 

VI    VII    VIII    IX 

X 

XI    XII 

xin 

Gain: 

32.    56.3    19.3 

134    1 1.6     9.0      7.0 

5.9 

4.8      7-7 

3.7 
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The  average  improvement  for  all  ages  is  15.5  sec.,  which  is 
three  times  as  large  as  the  corresponding  improvement  for 
chronological  ages  4  to  17  for  the  school  cases.  The  improve- 
ment diminishes  fairly  regularly  from  year  to  year.  It  is  4J4 
times  as  large  for  the  five  lower  ages  (26.5  sec.)  as  for  the  five 
upper  ages  (5.8  sec.). 

The  indices  of  improvement  are  as  follows : 

B.-S.  Ages:  III    IV     V    VI  VII  VIII IX    X     XI    XII  XIII  Ave. 

.65    .61    .78    .78    .74    '77    .76    .79    .82      .75      .79    .75 

I.Q2     .79     .88     .89     .91      .91      .95     .92     -S^        .89     I.Q2     .92 

.77  .88  .90  .90  .93  .91  .95  .94  .98  1.00  .91  .91 
.67  -48  .70  .70  .68  .71  .72  .74  .75  .67  .81  69 
.52    A3    .63    .63    .64    .66    .69    .70    .74     .67      .74    .64 


I 
3 

2 

Sh. 

3 
3 

I 
Sh. 


The  average  improvement  for  all  ages  of  the  second  trial  over 
the  first  amounts  to  25% ;  of  the  third  over  the  second,  8% ; 
of  the  shortest  (Sh.)  over  the  third,  9% ;  of  the  third  over  the 
first,  31% ;  and  of  the  shortest  (Sh.)  over  the  first,  36%.  The 
clinic  cases  consistently  improved  more  than  the  school  cases  in 
every  index.     The  difference  amounts  to  the  following  in  each 

2 

mdex  (based  on  the  figures  above  for  the  school  cases)  :   /• — , 

3  Sh.  3  Sh.  ^ 

.09;  / — ,  .02;  / ,  .03;  / —  .10;  and  / ,  .11.    The  differ- 

231  I 

ence  amotmts  to  about  10%,  based  on  the  first   and   last   two 
indices. 

The  effect  of  repetition  is  appreciably  and  consistently  greater 
for  the  five  lower  than  for  the  five  higher  B.-S.  ages,  as  shown 
by  the  following  tabulation : 

2  3  Sh.  3  Sh. 

B..S.  Ages:           /-  /-    / /-    / 

I  2  3  I  I 

III  to  VII:             .71  .89  J87  .64  .57 

IX  to  XIII :           .78  .94  .95  .73  .70 

Difference:              .07  .05  .08  .09  .13 
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Sh. 

The  difference  between  the  initial  and  the  best  records  (/ ) 

I 

is  very  considerable.  The  improvement  amounts  to  43%  for  the 
low  grade  cases,  but  only  30%  for  the  high  grade  cases.  In 
other  words,  the  less  intelligent  cases  adjust  themselves  very 
poorly  at  first,  and  therefore  improve  relatively  more  than  the 
high  grade  cases,  who  function  more  nearly  at  their  best  from 
the  start.  We  have  already  seen  that  younger  children  improve 
more  on  their  initial  records  than  older  children.  Of  course,  the 
factor  of  chronological  age  complicates  the  B.-S.  age  classifica- 
tion, and  explains,  in  part,  the  differences  which  we  find  between 
the  lower  and  higher  B.-S.  ages.  That  is,  the  average  chrono- 
logical age  increases,  though  not  with  absolute  regularity,  as  the 
B.-S.  age  increases,  as  may  readily  be  seen  from  an  examination 
of  the  tables  (XVI  to  XXVII).  Indeed,  the  average  chrono- 
logical age  for  B.-S.  ages  II  to  VII  is  9.0,  whereas  for  ages  IX 
to  XIII,  it  is  13.7.  The  cases  (largely  subnormal)  who  are 
mentally  younger  are  also,  in  the  main,  chronologically  younger, 
and  hence  they  should  follow  the  same  rule  as  young  children 
in  relation  to  older  children. 

The  average  time  in  seconds  for  each  successive  trial  for  the 
whole  group  of  cases  (all  the  individuals  in  all  the  ages)  is  as 
follows : 

Trial:  I  II  III  Sh. 

Averages:         35X>  26.8  23.5  22.1 

It  is  of  interest  to  compare  these  averages  with  the  correspond- 
ing averages  for  the  school  cases  (p.  76).  The  school  group 
reacted  decidedly  more  rapidly  in  all  trials,  the  difference  amount- 
ing to  the  following  for  each  trial:  14.2,  9.3,  6.9  and  6.4  sec 
The  slower  reaction  rate  of  the  clinic  cases  is  due,  no  doubt, 
to  the  preponderance  of  subnormal  cases  in  that  group  (ranging 
all  the  way  from  idiots  to  merely  retarded  cases).  Somewhat 
less  than  12  per  cent  of  the  school  cases  were  classified  as  dull 
(only  a  very  few  of  these  being  actually  feeble-minded),  12% 
as  bright  and  75%  as  normal  (average).  On  the  other  hand 
eighty-five  and  eight  tenths  per  cent  of  the  clinic  cases  were 
classed  as  subnormal  (including  6  groups  below  normal),  but 
only  10%  as  normal  and  4%  as  supernormal  (bright). 
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The  difference  between  I  and  II  for  the  clinic  cases  amounts 
to  8.2;  between  II  and  III,  3.3;  between  III  and  Sh.,  1.4;  be- 
tween I  and  III,  1 1.5;  and  between  I  and  Sh.,  or  between  the 
slowest  and  the  shortest,  12.9  sec.  These  differences  are  more 
than  234  times  as  large  as  the  corresponding  differences  for  the 
school  group  (p.  74).  The  indices  of  improvement,  based  on 
the  above  general  averages  are  as  follows : 


/i. 

/I 

Sh. 

/l 

^Sh. 

I 

.76 

2 
£7 

3 
•94 

I 
.67 

I 
.63 

These  indices  are,  again,  decidedly  larger  than  the  corresponding 
indices  for  the  school  group,  the  differences  for  the  indices  in  the 
order  given  above  being  .08,  .07,  .00,  .12  and  .12.  The  reason  that 
the  clinic  cases  improved  more  than  the  school  cases  is  due,  again, 
to  the  much  larger  number  of  subnormal  cases  in  the  clinic 
group.  The  normal  or  bright  child  adjusts  himself  well  to  a 
new  situation  from  the  very  beginning,  hence  he  cannot  improve 
as  much  upon  his  initial  record  as  the  retarded  child  who  makes 
a  poor  initial  adjustment.  The  conclusion  (p.  53)  can  be  verified 
by  averaging  together  the  records  in  each  trial  for  all  the  differ- 
ent classifications  of  intelligence  irrespective  of  the  B.-S.  or 
chronological  age  in  which  the  subjects  grade.  The  following 
tabulation  gives  the  general  averages  for  each  intelligence  classi- 
fication for  each  trial,  together  with  the  indices  of  improvement : 


2 

3 

Sh. 

3 

Sh. 

I 

II 

III 

Sh. 

/- 

/- 

/ 

/- 

/ 

I 

2 

3 

I 

I 

Imbeciles : 

7S.5 

38.9 

45.5 

39.S 

49 

'•F 

.86 

.58 

•1? 

Morons : 

344 

25.5 

22.7 

214 

.74 

.89 

.94 

JSS 

.62 

Border'-line : 

^ 

20.6 

1^0 

18.3 

A8 

.9« 

.96 

.76 

•21 

Backward: 

214 

20.2 

T2.2 

.74 

.94 

.95 

.70 

.6S 

Retarded: 

27.7 

23.0 

20.9 

194 

.86 

.90 

•^ 

.75 

.70 

Normal: 

29.6 

24.0 

22a 

19.3 

.81 

.92 

.86 

.75 

.65 

Bright: 

24.8 

23^ 

22.7 

224 

.93 

.97 

.98 

.91 

.90 

While  there  are  exceptions  it  is  seen   that   the   lowest   groups 

gain  more  than  the  highest.    The  average  amount  of  gain  for 

Sh. 

the  three  lowest  groups,  based  on  the  last   index    (/ ),    is 

I 

38.3%,  while  the  average  gain  for  the  three  highest  groups  is 

only  25%.    The  improvement  is  most  marked  for  the  imbeciles 
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and  morons.  The  large  improvement  for  the  normal  cases  is 
probably  due  to  the  preponderance  of  young  children  in  this 
grouping.  Actually  the  average  age  of  the  normal  boys  and 
girls  was  8.78  and  8.65  years,  respectively,  while  the  correspond- 
ing ages  of  the  imbeciles  were  10.3  and  11.5,  and  of  the  morons 
13.3  and  13.7.  The  retarded  and  backward  children  likewise 
averaged  older  than  the  normal  pupils  (cf.  p.  67). 

Clinic  cases,  arranged  according  to  chronological  age 
The  results  will  be  analyzed  only  for  "all  grades,"  both  sexes 
combined,  ages  3  to  33,  last  four  columns  in  Tables  XXVIII  to 
XLVII. 

Ninety-five  per  cent  of  the  fastest  records  were  made  during 
the  third  trial  and  the  other  5%  during  the  first;  the  same  ratios 
of  intermediate  records  were  made  during  the  second  and  third 
trials,  while  all  the  slowest  reactions  were  made  during  the  first 
trial.  The  gain  from  repetition  is  rather  more  marked  in  the 
chronological  than  in  the  B.-S.  classification  of  the  clinic  cases. 
The  amount  of  improvement  in  terms  of  seconds  between  the 
fastest  and  the  slowest  reaction  rates  made  during  the  three 
trials  is  as  follows  for  each  chronological  age : 

Chron.  age:  3        4        5        6        7        8       9      10      11      12    13     14 

Gain:  11.9    21.2    21.1    23.1    30.1    15,7    8.7    8j    12.5    8.5    9.5    8, 

Chron.  age:         15     16      17   18      19     25     33 
Gain:  9.7    5^    5.7    5.      yA    72    8^ 

The  average  improvement  for  all  ages,  17.6  sec,  is  2.1  sec. 
larger  than  the  corresponding  average  in  the  B.-S.  classification. 
The  improvement  decreases  with  increasing  chronological  age, 
but  less  regularly  than  was  the  case  in  the  B.-S.  classification 
(p.  80).  It  is  about  4  times  as  large  in  the  group  of  9  lower 
ages  (3  to  II,  28.8  sec.)  as  in  the  group  of  9  upper  ages  (12  to 
33»  7-3  sec.).  Here  the  difference  between  the  lower  and  higher 
group  of  ages  is  slightly  less  than  in  the  B.-S.  classification. 

The  following  tabulation  gives  each  index  of  improvement  in 
all  the  ages : 
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Chron. 

aiges     34     5     6  7     8     9  10  11    12  13   14  15  16   17  18  19  25  33  Ave. 

1.60  .94  .76  J82  .68  .68  .71  .91  .69  .78  72  .73  .67  .76  .81  .79  .97  .fe  .99  .83 

'29  .75  .87  .72  .75  .93  .97  .79  .93  .90  .92  .90  .93  1.06  .95  .94  .66  .79  .69  .82 

1.00  .92  .98  ,97  .95  .95  .89  .95  .93  .93  .91  .96  .93  .86  .87  .99  ixx>  1.00  1.00  .94 

47  .70  .66  .59  .51  J64  .73  .72  .65  .71  .67  .67  .65  A|  ,7?  .75  .64  .60  .68  .66 

47  .66  .66  .57  48  .61  .65  .69  .60  .66  .62  .64  .61  .70  .68  .74  .64  .60  .68  .63 

The  average  gain  in  all  ages  of  the  second  trial  over  the  first 
amounts  to  17%;  of  the  third  over  the  second,  18%;  of  the 
shortest  (Sh.)  over  the  third,  6%;  of  the  third  over  the  first, 
34% ;  and  of  the  shortest  (Sh.)  over  the  first,  37%.  Compared 
with  the  B.-S.  classification,  the  improvement  is  decidedly  less 

2 

(by  8%)  in  the  first  index  ( — ),  and  decidedly  greater  (by 

I 

3 
10%)  in  the  second  ( — ).    The  reason  for  this  discrepancy  is 

2 

not  clear,  although  it  is  partly  accounted  for  by  the  abnormal 
figures  in  age  3.    If  age  3  is  eliminated  the  gain  of  two  over  one 

2 

is  increased  to  21  %  (/  —  =  .79),  and  the  gain  of  three  over  two 

I 
3 
is  decreased  to  15%  (/  —  ==  .85).    The  greatest  gains  are  thus 

2 
2         3  Sh. 

in   /  — ,   /  —  and   / in  both  the  chronological  and  B.-S. 

II  I 

classifications. 

The  9  younger  ages  show  more  improvement  from  repetition 

than  the  9  older  ages,  as  shown  by  the  following  indices : 

2                 3               Sh.              3               Sh. 
Chron.  ages:  / —  / —  / /—  / 

123x1 
3  to  11:  .87  .77  .94  .^  .59 

12   to  33:  .80  .87  .94  .69  .65 

Difference:  —.07  .10  .00  .06  .06 

2 

The  exception  in  /  —  disappears  if  the  abnormal  figure  in  age 
I 

3  is  eliminated,  which  gives  an  index  of  .78  instead  of  .87  and 

3 
a  difference  of  .02  (and  an  index  of  .84  in  /  —  instead  of  .77, 

2 


Digitized  by 


Google 


86  /.  £.  WALLACE  WALLIN 

and  a  difference  of  .03).  The  differences,  however,  are  smaller 
than  the  corresponding  differences  between  the  lower  and  higher 
B.-S.  ages  (p.  81).  The  reason  for  this  may  be  the  fact  that  not 
so  large  a  percentage  of  the  cases  in  the  lower  chronological  ages 
were  subnormal  and  a  larger  percentage  were  normal  or  bright 
than  in  the  upper  chronological  ages.  Thus  the  greater  normal 
gain  made  by  the  young  and  retarded  cases,  in  the  lower  ages, 
would  be  partly  offset  by  the  presence  of  bright  children,  who 
gain  less  because  of  their  effective  initial  attack.  On  the  other 
hand,  a  larger  preponderance  of  subnormal  children  in  the  older 
chronological  ages,  or  a  deeper  degree  of  average  retardation  in 
the  older  group,  would  tend  to  cause  a  larger  improvement  from 
repetition.  The  reason  that  the  older  children  do  not  improve 
absolutely  more  than  the  younger  cases  is  the  fact  that  they  are 
chronologically  older — the  accelerated  improvement  from  repeti- 
tion which  goes  with  backwardness  is  partly  offset  by  the  dimin- 
ished improvement  from  repetition  which  goes  with  greater 
maturity. 

General  Results  and  Conclusions 

1.  There  is  a  constant  and  marked  gain  in  efficiency  with 
each  repetition  in  this  test.  This  gain  is  evident  in  all  the  groups 
of  cases.  In  the  vast  majority  of  instances,  the  poorest  averages 
come  in  the  first  trial,  the  intermediate  averages  in  the  second, 
and  the  best  averages  in  the  third  trial  (of  course,  there  are 
numerous  individual  exceptions). 

2.  The  amount  of  the  gain  between  the  slowest  and  fastest 
averages  is  very  considerable.  It  amounts  to  5.1  sec.  for  the 
normal  (school)  cases,  based  on  the  general  averages  for  all  the 
cases,  15.5  sec.  for  the  clinic  cases,  B.-S.  classification,  and  17.6 
sec.  for  the  clinic  cases,  chronological  classification.  The  normal 
children  gained  25%  over  their  slowest  records,  while  the  clinic 
cases  gained  36%  (B.-S.  classification)  and  37%  (chronological 
classification).  The  improvement  from  repetition  is  distinctly 
larger,  both  absolutely  and  relatively,  for  the  subnormal  cases. 
This  is  true  for  every  index  of  improvement. 

3.  The  reason  that  the  subnormal  cases  improve  more  than 
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the  normal  cases  is  due  to  the  fact  that  the  normal  cases  are 
capable  of  making  an  effective  initial  adjustment  while  the  sub- 
normal cases  are  more  or  less  confused  at  first  by  the  complexity 
of  the  problem.  Because  they  make  a  poor  initial  attack  they  are 
able  to  show  a  larger  relative  gain  in  the  later  trials.  That  the 
amount  of  improvement  resulting  from  repetition  is  a  function 
of  the  d^^ee  of  intelligence  of  the  child  is  further  indicated  by 
the  considerations  advanced  in  the  four  following  paragraphs. 

4.  The  lower  grades  of  subnormal  children  gain  relatively 
more  from  repetition  than  the  higher  grades.  The  gain  of  the 
Sh.  averages  over  the  averages  in  the  first  trial  amounts  to 
38.3%  for  the  imbeciles,  morons  and  border-line  cases,  but  only 
25%  for  the  retarded,  normal  and  bright  cases. 

5.  The  younger  children  gain  more  from  repetition  than  the 
older  children.  This  is  not  only  true  for  the  normal  children, 
but  also  for  the  subnormal  whether  classified  according  to 
chronological  or  B.-S.  age  (the  children  in  the  lower  B.-S.  ages 
average  younger  than  those  in  the  upper  B.-S.  ages).  But  the 
difference  is  larger  in  the  subnormal  group  than  in  the  normal 
group.  The  difference  between  the  indices  for  the  younger  and 
older  normal  cases  amounts  to  over  .10.  The  younger  children 
are,  of  course,  less  intelligent  than  the  older  children,  hence  make 
a  poorer  initial  attack. 

6.  Among  the  normal  children  the  dull  pupils  gain  slightly 
more  than  the  bright  pupils.  However,  the  average  pupils  gain 
more  than  either  the  bright  or  the  dull — possibly  for  the  reason 
advanced  on  page  77. 

7.  Young  bright  children  compared  with  older  bright  children 
improve  relatively  less  than  yoimg  dull  children  compared  with 
older  dull  children,  prdbably  for  the  reasons  given  on  page  80. 
The  latter  improve  relatively  about  twice  as  much. 

8.  The  improvement  made  from  the  first  repetition  is  rela- 
tively much  greater  than  the  improvement  made  from  the  second 
repetition;  that  is,  the  difference  between  the  first  and  second 
trials  is  greater  than  the  difference  between  the  second  and  third 
trials.  This  is  true  both  for  the  normal  and  the  subnormal  cases. 
Thus  for  normal  children  the  improvement  in  the  lid  trial,  based 
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on  the  general  average  for  all  cases,  amounts  to  i6%  compared 
with  6%  in  the  Illd  trial  (».  e,,  the  Illd  compared  with  the  lid 
trial) ;  and  for  the  subnormal  cases,  B.-S.  classification,  the  cor- 
responding figures  are  25%  and  8%.  The  amount  of  improve- 
ment of  the  shortest  (Sh.)  averages  over  the  Hid  trial  is  about 
the  same  as  the  Illd  over  the  lid  for  both  the  normal  and  the 
subnormal  cases  (except  that  it  is  smaller  in  the  chronological 
classification  of  the  subnormal  cases).  This  indicates  that  the 
most  satisfactory  criterion  by  which  to  compare  the  efficiency 
of  different  types  or  grades  of  individuals  in  this  test,  as  it  is 
usually  conducted,  is  the  shortest  score  of  the  three  trials.  At 
the  same  time,  from  all  the  evidence  at  hand  it  is  quite  clear  that 
the  children  would  continue  to  increase  in  efficiency  in  successive 
trials  after  the  third  trial.  But  the  absolute  amount  of  incre- 
ment, manifestly,  would  decrease  from  test  to  test. 

9.  The  facts  which  we  have  discovered  regarding  the  practice 
differences  in  the  form-board  test  between  dull,  bright  and  aver- 
age, and  younger  and  older,  children  offer  a  means  of  explana«> 
tion  of  the  discrepancies  sometimes  fotmd  between  the  results 
of  different  investigations  on  the  curves  of  learning,  practice, 
fatigue,  recuperation.  A  curve  which  may  apply  to  one  grade 
or  one  age  of  intelligence  need  not  necessarily  apply  to  a  different 
grade  of  intelligence.  Curves  of  improvement  based  on  the  work 
of  bright  college  students  might  have  more  or  less  application 
to  bright  children,  but  little  or  no  application  to  dull  children. 
Similarly  curves  of  fatigue  may  differ  according  as  they  are  based 
on  the  work  of  bright,  average  or  dull  pupils  in  the  grades,  or  of 
bright  mature  students  in  the  university. 
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CHAPTER  VI 
VARIABILITY   IN    PSYCHO-MOTOR    PERFORMANCE 

The  M.V.  (or  A.D.)  furnishes  a  measure  (although  less  ac- 
curate than  the  S.D.)  of  the  amount  of  deviation  or  variability 
between  the  individual  measurements  of  a  given  series  of  meas- 
urements. It  enables  us  to  determine  the  difference  in  variability 
with  respect  to  any  trait  between  different  subjects  in  different 
chronological  or  B.-S.  ages,  between  different  types  of  cases 
(bright,  normal,  dull,  feeble-minded,  epileptic,  insane),  between 
the  two  sexes,  between  children  and  adults,  etc.  It  also  enables 
us  to  determine  the  reliability  of  any  given  age-norms,  for  it  is 
evident  that  if  the  variation  between  the  trait  scores  of  children 
of  the  same  age  is  very  large  the  norms  have  little  or  no  value. 
The  larger  the  variability  between  the  individual  measures  the 
less  do  the  means  represent  central  tendencies. 

The  absolute  M.V.'s  in  the  tables  have  been  worked  out  sep- 
arately for  the  boys  and  the  girls.  That  is,  the  M.V.'s  for  the 
boys  of  any  given  age  represent  the  average  of  all  the  differences 
between  each  determination  and  the  mean  value  in  the  boys' 
series  of  measurements  and  similarly  for  the  girls.  On  the  other 
hand,  the  M.V.'s  for  "both  sexes"  (owing  to  inability  to  find 
time  for  the  more  extended  calculation)  have  been  computed  by 
adding  the  M.V.'s  for  the  boys  and  girls  of  the  same  age  and 
dividing  by  two.  As  is  well  known,  the  average  so  obtained  is 
not  absolutely  accurate.  While  the  difference  between  the  aver- 
ages obtained  by  the  abbreviated  and  complete  method  may 
sometimes  be  quite  appreciable,  I  have  not  found,  in  any  of  the 
cases  in  which  I  have  proved  the  results,  that  the  differences  are 
sufficiently  large  to  modify  the  general  conclusions  drawn.  How- 
ever, if  the  reader  demands  precisely  accurate  figures  he  may 
confine  his  attention  to  the  M.V*s.  and  coefficients  given  sep- 
arately for  the  boys  and  the  girls. 

The  relative  M.V.  or  coefficient  of  variability,  in  distinction 
from  the  absolute  M.V.,  expresses  the  M.V.  in  relation  to  the 
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M.V. 

average  ( ).    It  is  a  more  significant  measure,  because  it 

Ave. 

gives  the  size  of  the  deviation  in  relation  to  the  size  of  the  aver- 
age. A  deviation  of  2  is  important  when  the  average  is  10,  but 
insignificant  when  the  average  is  100. 

The  school  cases 

The  average  M.V.  for  both  sexes,  based  on  the  averages  of 
the  shortest  records  (Sh.)  for  all  the  whole-year  ages,  4  to  15, 
inclusive,  amounts  to  1.9  sec.  per  year.  Since  this  is  12%  of 
the  average  time  of  these  records  for  all  the  pupils,  it  indicates 
that  there  is  a  moderate  amount  of  variability  in  form-board 
performance  among  children  of  the  same  age  who  differ  in  in- 
telligence not  more  than  children  selected  from  a  normal  dis- 
tribution (an  tmselected  array  of  normal  children). 

The  absolute  M.V.  decreases  regularly  from  trial  to  trial,  as 
indicated  by  the  following  averages  for  ages  4  to  15  :  I,  3.3  sec. ; 
II,  2.8;  III,  2.4  sec;  and  Sh.,  1.9  sec.  The  M.V.'s  decrease 
in  78%  (39)  of  the  comparisons  from  trial  to  trial,  in  only  4% 
(2)  of  the  trials  are  they  the  same  and  in  only  18%  (9  instances) 
do  they  increase  in  successive  trials.  The  index  of  variability 
also  decreases  somewhat  for  the  third  trial  and  for  the  shortest 
scores  but  not  in  the  second  trial :  I,  15%  ;  II,  16%  ;  III,  14% ; 
and  Sh.,  12%.  It  is  evident  that,  from  the  standpoint  of  varia- 
bility, we  are  justified  in  using  the  shortest  records  in  preference 
to  I,  II  or  III. 

The  absolute  M.V.  is  very  slightly  smaller  for  the  boys  than 
for  the  girls,  except  in  the  second  trial,  as  indicated  by  the  fol- 
lowing M.V.'s  for  ages  4  to  15,  inclusive: 

Trial:  I  II  III  Sh. 

Boys:  3.8  sec.  2.9  sec.  2.2  sec.  1.7  sec 

Girls:  4.8  2.8  2,y  2.0 

The  biggest  difference  is  in  the  first  trial,  i  sec.    The  boys'  M.V. 

is  smaller  than  the  girls'  in  66%  of  the  ages  in  the  first  trial 

(larger  and  equal  in  16%  each),  in  50%  in  the  second  trial,  in 

42%  in  the  third  trial,  and  in  58%  for  the  shortest  scores  (larger 

in  33%  and  equal  in  8%). 

The  coefficient  of  variability  is  likewise  smaller  for  the  boys 
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M.V/S 

except  in  the  second  trial,  as  shown  by  the  following for 

Ave. 

ages  4  to  15,  inclusive: 

Trial  I  II  III  Sh. 

Boys:  18%  16%  13%  10% 

Girls:  21%  15%  15%  12% 

In  the  following  tabulation  the  coefficient  of  variability,  based 

on  the  shortest  scores  (Sh.)  is  given  separately  for  the  boys  and 

the  giris  for  each  chronological  age  from  4  to  15 : 

Ages:       4      5      6      7      8      9     10     11     12     13     14     15  Ave. 
Boys:       .13    .09    .11    .14    .10    .09    J09    .10    .09    .11    .09    .07    .10 
Girls:       .11    .11    .13    .13    .07    .12    .08    .10    .07    .11    .07    -09    .099 

While  the  coefficient  is  less  for  the  girls  in  six  of  the  ages, 
greater  in  four  ages  and  equal  to  the  boys  in  two  ages,  the  aver- 
age coefficient  for  all  the  ages  is  practically  the  same. 

There  is  a  decrease  in  the  size  of  the  coefficients  in  6  of  the 
successive  ascending  ages,  an  increase  in  4  and  equal  coefficients 
occur  once  in  the  case  of  the  boys;  and  a  decrease  in  5  ascending 
ages,  an  increase  in  4  ages  and  equal  coefficients  occur  twice  in 
the  case  of  the  girls. 

The  absolute  M.V.  decreases  fairly  regularly  from  age  to  age. 
In  the  first  and  second  trials  there  is  a  decrease  in  73%  of  the 
ages  (4  to  15,  both  sexes  combined),  and  an  increase  in  27% ; 
in  the  third  trial  an  increase  and  decrease  each  in  45%,  and  equal 
scores  in  9%  of  the  ages;  and  in  the  averages  for  the  shortest 
scores  a  decrease  in  54%,  an  increase  in  36%,  and  equal  scores 
in  9%  of  the  ages.  In  the  following  tabulation  the  average 
M.V.'s  are  given  for  both  sexes  only  for  the  age-groups  indi- 
cated : 


Trial: 

I 

II 

III 

Sh. 

Ages  4-7: 
Ages  8-1 1 : 

5^  sec 

4.7  «cc. 

3.6  sec 

3.1  sec 

2.6 

2.5 

1.9 

M 

Ages  12-15: 

1.6 

1.3 

1.7 

I.I 

The  decrease  in  the  variability  with  ascending  age  groups  is 
greatest  in  the  first  trial  (amounting  to  4.2  sec.  between  the  low- 
est and  highest  groups),  followed  by  the  second  trial  (3.4  sec.). 
It  is  practically  the  same  for  the  third  trial  and  for  the  shortest 
scores  (Sh.). 
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The  clinic  cases,  arranged  according  to  B.S.  age 

The  average  M.V.  for  all  cases,  based  on  the  averages  of  the 
shortest  records  (Sh.)  for  all  the  B.-S.  ages  (IV  to  XII), 
amotints  to  4.6  sec.  per  B.-S.  age,  which  is  20%  of  the  average 
time  required  by  all  the  pupils  to  replace  the  blocks.  The  abso- 
lute M.V.  is  2j4  times  as  large,  while  the  coefficient  of  variability 
is  not  quite  twice  as  large  for  the  clinic  as  for  the  school  group 
of  cases. 

The  absolute  M.V.  decreases  with  each  successive  trial,  as 
shown  by  the  following  figures  for  both  sexes  (averages  for  ages 

III  to  XII)  for  each  trial :  I,  13.5  sec. ;  II,  7.8  sec. ;  III,  5.7  sec.; 
and  Sh.,  4.6  sec.  The  M.V.'s  decrease  from  trial  to  trial  in 
81.4%  (22)  of  the  comparisons,  increase  in  11.19&  (3),  and  are 
equal  in  7%  (2)  of  the  cases. 

The  coefficient  of  variability  likewise  decreases  with  each  suc- 
cessive trial,  as  shown  by  the  following  figures:  I,  38%;  II, 
29%  ;  III,  24%  ;  and  Sh.,  20%. 

In  all  trials  the  absolute  and  relative  M.V.'s  are  emphatically 
larger  for  the  clinic  (subnormal)  than  the  school  (normal) 
cases,  as  shown  by  the  following  figures  which  indicate  the 
amount  by  which  the  M.V.'s  for  the  clinic  cases  exceeds  the 
M.V.'s  for  the  school  cases : 

Trial:  I  II  III  Sh. 

M.  V.  10.0  sec  5-0  sec.  3.3  sec.  2.7  sec 

M.V. 

23%  13%  10%  8% 

Ave. 

The  variability  for  the  clinic  case,  relative  to  the  school  case, 

is  most  pronounced  in  the  first  two  trials,  particularly  the  first 

In  the  first  trial  the  difference  in  the  variability  between  the  clinic 

and  the  school  cases  is  about  twice  as  great  as  in  the  second  trial 

As  was  the  case  with  the  normal  children  the  variability  is  least 

for  the  averages  of  the  shortest  scores  showing,  again,  that  the 

best  single  index  for  the  form-board  performance  is  the  average 

of  the  shortest  scores. 

The  absolute  M.V.  is  smaller  for  the  girls  than  for  the  boys  in 

the  first  three  trials  and  larger  for  the  averages  of  the  shortest 

scores  (Sh.),  as  shown  by  the  following  average  M.V.'s  for  ages 

IV  to  XII: 
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Trial: 

I 

II 

III 

Sh. 

Boys: 

14.1  sec 

8.3  sec. 

5.7  sec. 

4.1  see. 

Girls: 

12.8 

74 

5.6 

5.0 

I 

Up^er  a«^^ 

Sh. 

4^ 

2.9                2.7 

2.0 

44 

2.9                2.5 

a.x 

The  largest  difference  between  the  two  sexes,  in  the  first  trial, 

amounts  to  only  1.3  sec. 

The  following  tabulation  gives  the  average  M.V.'s  for  the 

lower  (IV  to  VII)  and  higher  (VIII  to  XII)  B.-S.  ages  for  the 

two  sexes  in  each  trial: 

Lower  ages 

Trial:  I  II  III  Sh. 

Boys:  26.6        15.1         9-5  6.9 

Girls:  23.2        13.2         94  8.7 

The  M.V.'s  are  from  3  to  6  times  as  small  in  the  upper  as  in 

the  lower  group  of  ages.    The  M.V.'s  are  smaller  for  the  girls 

in  the  lower  ages  in  all  trials  except  the  Sh.,  but  in  the  upper 

ages  in  the  third  trial  only,  being  equal  in  the  second  trial,  and 

larger  in  the  first  and  Sh. 

The  girls'  M.V.'s  are  smaller  than  the  boys'  in  55%  of  the 
B.-S.  ages  in  the  first  trial  (larger  than  the  boys  in  33%,  and 
equal  in  11%)  ;  in  77%  of  the  ages  in  the  second  trial  (larger  in 
22%);  in  66%  of  the  third  trial  (larger  in  33%) ;  and  in  44% 
of  the  ages  in  the  averages  for  the  shortest  scores  (larger  in 
44%  and  equal  in  11%). 

On  the  whole,  the  absolute  variation  is  somewhat  less  for  the 
subnormal  girls  than  for  the  subnormal  boys,  while  the  reverse 
was  the  case  for  the  normal  cases.  The  coeflficient  of  variability, 
however,  is  smaller  for  the  girls  only  in  the  first  two  trials,  and 
larger  in  the  third  trial  and  for  the  shortest  averages,  as  indi- 
cated by  the  following  average  coefficients  for  ages  IV  to  XII : 


Trial: 

I 

II 

III 

Sh. 

Boys : 

41 

.32 

.24 

.18 

Girls: 

^ 

.28 

.25 

-23 

The  maximal  superiority  of  the  one  sex  over  the  other  is  the 
same  for  the  boys  and  the  g^rls,  .05. 

The  absolute  M.V.  usually  decreases  with  each  ascending 
B.-S.  age.  In  the  first  trial  there  is  a  decrease  in  75%  of  the 
ages  (IV  to  XII,  both  sexes  combined),  an  increase  in  12%, 
while  the  variation  is  the  same  in  12%.  In  all  the  other  trials 
there  is  a  decrease  in  75%  and  an  increase  in  25%  of  the  ages. 
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Trials: 

I 

II 

III 

Ages  IV-VII: 

24.9  sec. 

14.1  sec 

9l4  sec 

Ages  VIII-XII: 

13.5 

7.8 

5.7 

94  /.  E,  WALLACE  WALLIN 

The  following  are  the  average  absolute  M.V/s  for  the  age-groups 
indicated,  based  on  the  averages  for  both  sexes : 

Sh. 

7.7  sec 
4.6 

As  was  the  case  with  the  normal  children,  the  decrease  in  abso- 
lute variability  is  greatest  in^the  first  trial  (11.4  sec.),  followed 
by  the  second  (6.3  sec.) ;  and  it  is  about  the  same  in  the  third 
trial  as  for  the  shortest  scores  (3.7  vs.  3.3  sec.).  The  gain  in 
absolute  regularity  with  ascending  age-groups  is  considerably 
greater  for  the  clinic  than  for  the  school  cases. 

The  following  tabulation  contains  the  coefficients  of  varia- 
bility, based  on  the  M.V.'s  for  the  shortest  scores  (Sh.),  for  the 
boys  and  girls  for  B.-S.  ages  IV  to  XII : 


Ages: 

IV 

V 

VI 

VII 

VUI 

IX 

X 

XI 

XII 

Ave 

Boys: 

.15 

.19 

•^5 

.16 

.22 

.12 

.14 

.06 

.007 

M 

Girls: 

^i 

J28 

.16 

.15 

.20 

.08 

.10 

.10 

.IS 

.17 

The  coefficients  decrease  with  ascending  B.-S.  ages  in  half  of 
the  ages,  and  increase  in  half  for  the  boys,  and  decrease  in  50%, 
increase  in  37%  and  are  equal  in  12%  of  the  ages  for  girls. 
However,  the  average  coefficient  for  the  lower  ages  (IV  to 
VII)  is  considerably  greater  for  both  the  boys  and  the  girls  than 
the  average  coefficient  for  the  upper  ages  (VIII  to  XII),  the 
difference  amounting  to  .10  for  the  boys  (.18  vs.  .08)  and  .15 
for  the  girls  (.25  vs.  .10).  The  girls'  variability  is  less  than 
the  boys'  in  5  ages  and  greater  in  4  ages,  but  the  average  co- 
efficient for  all  ages,  as  well  as  for  the  lower  and  upper  groups 
of  ages,  is  somewhat  larger  for  the  girls.  For  ages  IV  to  VII 
it  is  larger  by  .07  (.25  vs.  .18)  and  for  ages  VIII  to  XII  by  .02 
(.10  vs.  .08). 

Clinic  cases,  arranged  according  to  chronological  age 

The  average  M.V.  for  the  shortest  scores  (Sh.)  for  both  sexes 
for  ages  6  to  16  amounts  to  3.4  sec.,  which  is  15%  of  the  average 
time  required  to  replace  the  blocks  by  all  the  children  included. 
The  absolute  M.V.  is  i  sec.  less,  while  the  coefficient  is  5%  less 
when  the  clinic  cases  are  grouped  chronologically  than  when 
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they  are  grouped  by  mental  ages.  It  must  be  remembered,  how- 
ever, that  the  cases  compared  do  not  exactly  correspond,  as  the 
redistribution  by  chronological  ages  made  it  impossible  to  in- 
clude a  number  of  cases  because  of  lack  of  comparative  data  in 
some  ages. 

The  absolute  M.V.  decreases  with  each  successive  trial,  as 
shown  by  the  following  figures  for  both  sexes  combined  for  each 
trial,  based  on  the  averages  for  ages  6  to  i6:  I,  8.8  sec;  II,  4.6 
sec.;  Ill,  4.3  sec.;  and  Sh.  3.4  sec.  The  M.V.'s  decrease  from 
trial  to  trial  in  82%  (27)  of  the  comparisons,  and  increase  in 
18%  (6),  based  on  the  averages  for  both  sexes. 

The  coefficient  of  variability  likewise  decreases  from  trial  to 
trial,  except  that  it  is  slightly  larger  in  the  third  than  in  the 
second  trial,  as  shown  by  the  following  figures:  I,  25%;  II, 
17%;  III,  18%  ;  and  Sh.,  15%.  It  is  to  be  observed,  again,  that 
these  coefficients  are  smaller  in  each  trial  than  the  coefficients 
for  the  B.-S.  classification  of  the  clinic  cases,  and  that  the  great- 
est relative  decreiase  in  variability  occurs  in  the  second  trial  in 
both  classifications. 

The  absolute  M.V.'s  are  smaller  in  all  trials  for  the  g^rls  than 
for  the  boys,  as  shown  by  the  following  average  M.V.'s  for 
ages  6  to  16: 

Trial:  I  II  III  Sh. 

Boys:  9.7  sec.  5.5  sec.  5.6  sec.  3.9  sec. 

Girls:  7.0  37  3-1  3.0 

The  largest  difference  between  the  sexes  amounts  to  2.7  sec.  in 

the  first  and  the  smallest  .9  sec.  in  the  averages  for  the  Sh. 

records. 

The  corresponding  figures  for  the  five  lower  ages  (6  to  10) 

and  five  higher  ages  (12  to  16)  are  as  follows: 

Upper  ages 

I          II        III  Sh. 

84        4.0        2.6  3.3 

3.3        2.2        2.1  2.0 

In  the  lower  age-group  the  girls  excel  in  two  trials,  and  in  the 

upper  age-group  in  all  the  trials. 

The  g^rls*  M.V.'s  are  smaller  than  the  boys'  in  the  first  trial 

in  63%  and  larger  in  36%  of  the  ages  compared  (6  to  16) ; 

smaller  in  90%  of  the  ages  in  the  second  trial,  and  larger  in  9% ; 


Lower  ages 

Trial: 

I 

II          III 

Sh. 

Boys: 

114 

6.9         7-7 

3.9 

Girls: 

12. 1 

4.9         4.1 

4.1 
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smaller  in  72%  in  the  third  trial  and  larger  in  27%  ;  and  smaller 
in  63%  for  the  averages  for  the  shortest  scores  and  larger  in 
36%.  It  is  thus  apparent  that,  all  in  all,  the  absolute  M.V.  is 
smaller  for  the  clinic  girls  than  for  the  clinic  boys  in  both  the 
chronological  and  B.-S.  groupings,  and  that  relatively  the  girls' 
M.V.  is  smaller  in  the  chronological  than  in  the  B.-S.  classi- 
fication. 

The  coefficients  of  variability  (based  on  the  averages  for  ages 
6  to  16)  are  smaller  for  the  girls  in  all  trials,  as  shown  by  the 
following  average  coefficients  for  ages  6  to  16: 

Trial:  I  II  III  Sh. 

Boys:  .28  .20  ^3  .17 

Girls:  .19  .14  .14  .14 

The  girls'  variability,  unlike  the  boys',  does  not  decrease  after 
the  second  trial.  The  maximal  difference  in  any  one  trial  between 
the  boys  and  the  girls  amounts  to  .09.  The  girls'  coefficient  is 
distinctly  less  than  the  boys'  when  the  cases  are  chronologically 
classified  but  not  when  they  are  classified  according  to  B.-S.  age. 
The  girls'  coefficient  in  the  B.-S.  series  is  sometimes  smaller  and 
sometimes  larger  than  the  boys'. 

The  absolute  M.V.  does  not  decrease  so  regularly  with  each 
ascending  chronological  age  as  with  each  ascending  B.-S.  age. 
In  the  first  trial  it  decreases  in  70%  and  increases  in  30%  of  the 
ages  compared  (IV  to  XII,  both  sexes  combined)  ;  in  the  second 
trial,  it  decreases  in  60%,  increases  in  30%  and  is  equal  in  lojo 
of  the  ages;  in  the  third  trial  it  decreases  in  half  and  increases 
in  half  of  the  ages;  and  in  the  averages  for  the  shortest  scores 
It  decreases  in  60%  and  increases  in  40%  of  the  ages. 

In  the  following  tabulation  is  given  the  average  M.V.'s  for 
the  age-groups  indicated,  based  on  the  combined  averages  for 
the  two  sexes : 


Trials: 

I 

II 

III 

Sh. 

Ages  6-10: 

1 1.7  sec. 

5.8  sec. 

5.0  sec. 

AJO  sec 

Ages  12-16: 

5^ 

3.3 

3.2 

2.6 

Uniformly  the  M.V.'s  are  smaller  in  the  upper  ages,  the  de- 
crease being  greatest  in  the  first  (5.9  sec.)  and  second  (2.5  sec.) 
trials,  as  was  the  case  for  the  normal  children  and  the  sub- 
normals classified  by  mental  age.      The    improvement   in    the 
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.absolute  regularity  of  the  clinic  cases  between  the  lower  and  the 
upper  groups  is  about  twice  as  large  for  each  B.-S.  age  as  for 
•each  chronological  age. 

The  coefficients  of  variability,  based  on  the  M.V/s  for  the 
shortest  scores  (Sh.),  are  as  follows  for  the  boys  and  g^rls  for 
^ts  6  to  16: 


Ages: 

6 

7 

8 

9 

10 

II 

12 

13 

14 

15 

16 

Ave. 

5??s* 

.11 

.15 

.12 

'H 

•^ 

.31 

.22 

.25 

.11 

.14 

.12 

.14 

-Girls : 

.04 

.20 

.21 

.18 

.16 

.10 

.08 

.24 

.07 

.15 

.03 

.11 

The  coefficient  decreases  with  ascending  age  in  half  of  the 
ages  for  the  boys  and  increases  in  half,  while  it  decreases  in 
60%  and  increases  in  40%  of  the  ages  for  the  girls.  The  aver- 
age coefficient  for  the  lower  ages  (6  to  10)  is  less  than  for  the 
upper  ages  (12  to  16)  for  the  boys  (,14  compared  with  .16), 
but  larger  for  the  girls  (.15  vs.  .11).  It  is  evident  that  the  co- 
•efficient  does  not  diminish  in  the  older  chronological  group  as 
it  did  in  the  higher  B.-S.  group  of  ages — due,  presumably,  to 
the  presence  of  low-grade  subjects  in  the  older  chronological 
ages. 

The  girls'  coefficients  are  less  than  the  boys  in  7  ages  and 
greater  in  four.  The  girls'  average  coefficient  is  likewise  less 
for  the  four  upper  ages  (.11  vs.  .16  for  the  boys),  and  for  the 
averages  of  all  the  ages  from  6  to  16  (.11  vs.  .14),  but  not  for 
the  four  lower  ages  (.15  vs.  .14  for  the  boys). 

General  Results  and  Conclusions 

I.  The  variability  in  form-board  performance  is  considerably 
greater  for  subnormal  cases  when  classified  either  according  to 
chronological  or  B.-S.  age,  than  for  normal  children  when 
classified  according  to  chronological  age.  The  average  variation 
for  the  latter,  based  on  the  Sh.  scores,  whole-year  classification 
for  all  cases,  amounts  to  1.9  sec.  (M.V.),  which  is  12%  of  the 
average.  The  M.V.,  based  on  the  Sh.  scores,  is  about  2j^  times 
greater  and  the  coefficient  not  quite  2  times  greater  for  the  sub- 
normal cases,  B.-S.  classification.  While  the  statement  has 
usually  been  accepted  that  subnormal  subjects  rank  higher  in 
"motor"  than  in  mental  age,  it  is  seen  that  this  is  by  no  means 
uniformly  the  case.     The  large  variability  indicates  that  some 
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do  very  well  in  the  form-board  tests,  while  others  do  very  poorly. 
In  this  test  the  subnormals  differ  among  themselves  in  each 
mental  or  chronological  age  decidedly  more  than  the  normal 
children  vary  in  each  chronological  age.  Possibly  this  is  partly 
accounted  for  by  the  greater  range  of  chronological  ages  am<Hig 
the  subnormal  cases. 

The  absolute  and  relative  variability  is  decidedly  larger  for 
epileptics  than  for  our  normal  or  subnormal  cases,  as  shown  by 
the  following  figures,  reproduced  from  our  earlier  study^ : 

M.V.         M.V. 


Ave. 

Epileptic  boys 

14.6 

^7 

Epileptic  girls: 

34-9 

^ 

Epileptic  men: 

197 

.39 

Epileptic  women: 

14.0 

-2$ 

All  epileptics: 

24.8 

M 

Of  all  the  classes  which  we  have  studied  by  means  of  the  form- 
board,  the  epileptics  are  the  most  variable  (the  data  for  the 
epileptics  were  tabulated  according  to  B.-S.  age  only). 

Both  the  absolute  and  relative  variability  are  perceptibly  less 
in  the  chronological  than  in  the  B.-S.  classification  of  the  clinic 
cases.  This  may  be  due  to  the  fact  that  the  number  of  cases 
does  not  precisely  correspond,  as  some  cases  could  not  be  in- 
cluded in  the  chronolgical  classification.  It  would  otherwise 
seem  to  indicate  that  the  responses  are  less  variable  when  sub- 
normal cases  are  classified  by  chronological  than  by  B.-S.  age, 
and  this  would  mean  that  uniformity  in  form-board  perform- 
ance between  subnormal  cases  is  more  dependent  upon  equality 
of  chronological  age  than  upon  equality  of  mental  development 
— a  conclusion  not  quite  in  accordance  with  expectation. 

2.  There  is  a  steady  and  fairly  continuous  decrease  (occurring 
in  78%  of  the  comparisons)  in  absolute  variability  from  trial  to 
trial  with  the  normal  cases.  There  is  also  a  slight  decrease  in 
the  coefficient,  except  in  the  second  trial.  The  decrease  is  em- 
phatically larger  for  the  subnormal  cases,  particularly  when 
classified  according  to  B.-S.  age.  The  difference  between  the 
subnormal  cases  (B.-S.)  and  the  normal  cases  is  almost  twice  as 
large  in  the  first  trial  (23%)  as  in  the  second  trial  (13%).    The 

^  Experimental  Studies  of  Mental  Defectives,  pp.  74  and  96. 
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subnormal  cases  are  distinctly  more  variable  during  the  first  trial, 
and  they  make  the  largest  relative  amount  of  improvement  in 
the  second  trial,  while  the  normal  cases  are  no  more  variable 

M,V. 

{ )  in  the  first  than  the  second  trial.    This  shows  that  the 

Ave. 

subnormal  individuals  are  least  dependable  in  their  initial  per- 
formance, while  the  normal  individuals  are  almost  as  constant 
in  their  first  performance  as  in  their  second  or  third. 

Both  the  absolute  and  relative  variabilities  are  consistently 
smaller  in  all  trials  in  the  chronological  than  in  the  B.-S.  classifi- 
cation of  the  subnormal  cases. 

3.  The  smallest  absolute,  as  well  as  relative,  variability  occurs 
in  the  averages  for  the  Sh.  scores  for  both  the  normal  and  the 
subnormal  cases.  From  the  standpoint  of  variability  the  best 
standard  by  which  to  gauge  the  relative  psycho-motor  efficiency 
of  different  subjects  is  the  best  record  of  the  three.  Facts  drawn 
from  different  considerations  have  already  been  g^ven  to  justify 
this  conclusion  (pp.  71,  88). 

4.  The  variability  decreases  with  increasing  chronological  and 
mental  age ;  the  more  mature  and  intelligent  individuals  function 
more  regularly  than  the  less  mature  or  intelligent,  particularly 
so  far  as  concerns  subnormal  cases  and  particularly  so  far  as 
concerns  the  first  or  second  trials.  These  conclusions  are  indi- 
cated by  the  following  facts. 

The  M.V.  is  found  to  decrease  fairly  constantly  with  each 
ascending  age  for  both  the  normal  and  subnormal  cases.  But 
the  decrease  occurs  less  frequently  in  the  chronological  than  in 
the  B.-S.  classification  of  the  subnormal  cases.  While  the  de- 
crease is  more  frequently  apparent  in  the  first  two  trials  than  in 
the  third  or  Sh.  scores  for  the  normal  cases,  this  is  not  the  case 
for  the  subnormal  cases  (B.-S.  classification). 

M.V. 

The  coefficients  ( )  likewise  tend  to  decrease  very  slightly 

Ave. 

more  frequently  with  ascending  ages  for  the  normal  cases  but 

not  for  the  subnormal  (the  increase  is  just  as  frequent  as  the 

decrease  in  the  B.-S.  classification). 
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When  the  results  are  averaged  for  the  lower  and  higher  age- 
groups,  the  M.V.'s  are  uniformly  smaller  in  the  higher  than  in 
the  lower  groups  for  both  the  normal  and  the  subnormal  cases, 
both  classifications.  Here,  again,  the  decrease  is  decidedly  larger 
for  the  subnormal  than  the  normal  cases,  and  larger  in  the  B.-S. 
than  the  chronological  classification  of  the  subnormals.  The 
greatest  decrease  occurs  in  the  first  and  second  trials  for  both 
the  normal  cases  and  subnormal  cases,  both  classifications.  The 
coefficient  of  variability  is  decidedly  smaller  in  the  upper  than  in 
the  lower  group  of  ages  in  the  B.-S.  classification,  but  not  in  the 
chronological  classification  of  the  subnormal  cases.  In  the  latter 
it  is  slightly  larger  in  the  upper  ages  for  the  g^rls  but  slightly 
smaller  for  the  boys. 

5.  The  data  are  not  very  conclusive  on  the  question  as  to 
whether  the  variability  is  greater  for  the  boys  or  for  the  girls. 

Among  the  normal  cases  the  size  of  the  M.  V.  is  slightly  smaller 
for  the  boys  in  all  the  trials  except  the  second.  The  M.V.  is- 
smaller  more  frequently  (in  more  ages)  for  the  boys  in  the  first 
trial  and  in  the  Sh.  scores,  it  is  smaller  for  the  girls  in  the  third 
trial,  while  it  is  equal  for  both  sexes  in  the  second  trial.  The 
coefficient  is  likewise  smaller  for  the  boys  except  in  the  second 
trial.  However,  when  based  on  the  Sh.  scores,  the  coefficient  is 
smaller  for  the  girls  than  for  the  boys  in  6  ages,  larger  in  4  ages 
and  equal  in  2  ages.  The  average  coefficient  for  all  ages  is  about, 
the  same  for  both  sexes. 

In  the  chronological  classification  of  the  clinic  cases  the  M.V. 
is  smaller  for  the  girls  than  for  the  boys  in  all  trials  (maximal 
difference  2.7  sec.).  It  is  likewise  smaller  for  the  girls  in  the 
upper  group  of  ages  in  all  trials,  but  only  in  two  trials  in  the 
lower  group  of  ages.  The  coefficient  is  also  smaller  for  the  girls 
in  all  trials  in  all  ages  (maximal  difference,  .09).  Based  on  the 
Sh.  trial,  the  amount  by  which  the  girls  excel  the  boys  amounts 
to  .03  (.14  —  .11),  the  girls'  variability  being  less  than  the  boys' 
in  7  ages  and  greater  in  4. 

In  the  B.-S.  classification  of  the  subnormal  cases  the  size  of 
the  M.V.'s  is  smaller  for  the  girls  in  I,  II  and  III,' but  not  in 
the  Sh.  column  (maximal  difference  between  the  boys  and  the 
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girls,  1.3  sec,).  In  the  lower  ages  it  is  likewise  smaller  for  the 
girls  in  all  trials,  with  one  negligible  exception,  while  in  the  upper 
ages  it  is  smaller  for  the  girls  in  the  third  trial  only,  being  equal 
in  the  second  trial,  and  larger  in  the  first  and  the  Sh.  scores. 
The  M.V.  is  more  frequently  (in  more  ages)  smaller  for  the  girls 
in  the  first,  second  and  third  trials,  but  not  in  the  Sh.  scores.  The 
coefficient  is  smaller  for  the  girls  in  I  and  II,  but  for  the  boys  in 
III  and  Sh.  (maximal  difference  .05).  But  based  on  the  aver- 
ages for  the  lower  and  upper  group  of  ages,  it  is  slightly  larger 
for  the  girls.  These  results  would  not  justify  more  than  the 
tentative  statement  that  the  variability  tends  to  be  slightly  larger 
for  subnormal  boys  than  for  subnormal  girls,  and  slightly  smaller 
for  normal  boys  than  normal  girls. 

I  may  here  tabulate  the  results  of  a  study  of  the  comparative 
coefficients  of  variability  in  tests  given  to  subnormal  epileptic 
males  and  females.^ 

The  coefficients  of  variability  are  greater  for  the  girls  than  for 
the  boys  in  the  following  tests:  naming  four  colors  (a  difference 
of  .10);  naming  60  words  in  three  minutes  (difference,  .10); 
memory  of  selection  read  (difference,  .09) ;  form-board  perform- 
ance (difference,  .20)  ;  and  hand  dynamometry,  right  hand  (dif- 
ference, .01). 

In  the  following  test  the  coefficient  is  larger  for  the  boys  than 
for  the  girls:  reading  test  (difference,  .03). 

In  the  following  test  the  coefficient  is  larger  for  the  women' 
than  for  the  men:  dynamometry,  right  hand  (difference,  .03). 

In  the  following  tests  the  coefficients  are  larger  for  the  men 
than  'for  the  women:  60-word  test  (difference,  .11 ) ;  four  colors 
(difference,  .18) ;  reading  (difference,  .03) ;  and  form-board 
test  (difference,  .14).  In  the  memory  test,  however,  the  co- 
efficients are  the  same. 

In  ataxiagraphic  sway  the  coefficients  are  greater  for  the  males 
than  the  females  in  the  antero-posterior  direction,  eyes  shut  (dif- 
ference, .06) ;  and  greater  for  the  females  than  the  males  in  the 
lateral  direction,  eyes  shut  (difference,  .01)   and  eyes  fixated 

*  Experimental  Studies  of  Mental  Defectives,  paff. 

*  The  sense  in  which  the  words  boys,  girls,  men,  women,  males  and  females 
are  used  is  given  on  p.  65. 
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(difference,  .06),  and  in  the  anteroposterior  direction,  eyes  ii:i| 
ated  (difference,  .10).  i 

Here  we  find  the  curious  result  that  whereas  the  coefficieni 
are  larger  in  five  tests  for  the  girls  and  in  only  one  test  for 
boys,  they  are  larger  in  four  tests  for  the  men  and  in  only  oi 
test  for  the  women.  That  the  evidence  is  just  as  inconclusr 
from  the  study  of  variability  in  the  epileptic  as  in  the  feebli 
minded  or  normal  is  indicated,  further,  by  the  following  facts 
the  average  of  the  per  cents  of  passes  for  the  individual  fc 
in  each  of  the  B.-S.  ages  in  which  the  subjects  were  classifii 
was  exactly  the  same  for  the  boys  as  for  the  girls  (61  %  ) ;  andl 
the  average  M.V.  for  all  ages  (except  XIII)  between  the  per 
cents  of  passes  for  each  test  in  each  age  was  approximately  the- 
same  for  boys  as  for  girls  (.20  vs.  .21).*  However,  the  range 
between  the  highest  and  the  lowest  per  cent  of  passes  for  the  tests 
in  each  age  was  larger  for  the  girls  (.74%)  than  for  the  boys  i 
(6o%).» 

It  is  evident  that  the  only  conclusion  which  seems  clearly  justi- 
fied by  a  careful  analysis  of  variability  in  different  types  of  ab- 
normal and  normal  subjects  is  that  in  some  tests  the  male  sc    \ 
is  less  variable,  in  others  the  female  sex  is  less  variable,  wl      } 
in  still  others  there  is  practically  no  difference.    We  have  foi 
no  experimental  warrant  for  the  sweeping  statement  that  u 
male  sex  represents  variation  and  the  female  sex  conservation. 

*A8  before,  p.  34. 
*  As  before,  p.  39. 
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M.V.  66.6      354    12.8    11.6 


I     169        96.      72.      72. 

1  70.      108.      53.4    53.4         I 

2  II9.O     102.       62.7     62.7 


73.6 


9      72.3  53.0  52.3  45-3 

M.V.  22.6  9.7  15.9  8.7 

8      54.9  49.1  36.6  35.3 

M.V.    8.2  7.4  II. 9  9,9 


17      64.7 
M.V.  154 


51.1     454    40.9 

8.5    13.9    W 


;h. 

No. 

Normal 
I            II         III       Sh. 

No. 

I 

Bright 
II         III 

Sh. 

No. 

All  Grades 
I            II         III 

Sh. 

8.0 
3.8 

3 

43.         43.8     424     35.6 

21.6      14.8    15.8    14.3 

28 
M.V. 

45.1 
15.0 

36.9     324 
9.6      1.-7 

29.0 

1^ 

I 

50. 

37.8     33.2 

33.2 

M^V. 

47.8 
2.6 

31.9  30.9 
4.0 .  4.9 

29^ 

4-9 

35      45.6      35.9    32.2    23.7 
M.V.    8.8       6.8      6.3     6.1 


1.7 

3.t 

8 

36.8 
8.6 

24.7 
2.3 

25.9    22.6 
6.1      3-5 

2 

5. 

26.1    24. 

4.1     I. 

23. 

1.5 

5.2 
3.2 

2 

42.5 

2.5 

35. 

27.      2:7. 

2 

30.7 
2.3 

23.       22.8 
2.          .8 

21.5 
.5 

2.5 
31 

10 

38. 
5.5 

:i^.7 

26.1    23.4 

4 

31.3 

24-5    234 
3.          .9 

22.5 
I. 

55      35.7  26.3  24.8  23.3 

M.V.    8.8  5.0  4.9  ^ 

27      39.4  29.8  26.5  24.5 

M.V.    8.8  6.6  4.7  l^ 

82      36.9  27.5  25.3  23.7 

M.V.    8.8  5.8  4.8  3.8 


Digitized  by  LjOOQIC 


Ave. 

Chron. 

Age 

Ave. 
B.-S. 
Age 

No. 

1 

Moron 
II 

III  . 

Sh. 

II.2 

M.V. 

8.6 

16 

35.9 
13.9 

26.9 
9.7 

22.2 

4.8 

21.0 

4.1 

ij^^. 

84 

6 

42.9 
28.5 

27.6 
1 1.7 

264 
lOJ? 

tt 

II. I 
M.V. 

8.5 

22 

37.8 
21.2 

26.0 
10.7 

23.3 

7-5 

21.9 

6.3 

No. 


14 


Borderline 
I            II         III 

Sh. 

No. 

I 

254       224 
4.9         3.7 

19.8 

3.5 

19.0 
30 

14 

27.2 
7.2 

28.5        22.0 

6.3        47 

20.4 
4.3 

18.9 
3.6 

9 

28.2 
7.2 

26.7        22.1 
5.6          42 

20.0 
3.9 

19.0 

23 

27.6 

7.2 

^l 

9.3 

9 

30.3 
9.1 

18.7 
34 

19.2 
3.2 

17.5 
2.3 

9 

24.9 

3-7 

19.2 
27 

19.2 
3.5 

184 
3.0 

21 

25.6 
44 

^j:sf. 

9-2 

3 

254 
1.6 

23.8 
14 

19.3 
1.7 

19.3 
1.7 

3 

25.6 
5.1 

20.4 
2.7 

5.6 

15-8 
1.2 

6 

23.6 
5.0 

11.9      9-3      12      29.0      20.0    19.2    18.0        12      25  J       19.5     19.3    16.9        27      25.2 
M.V.  5.3       24     2.4     2.0  44       2.7     4.5      2.1  47 


Ave. 

Chron. 

A«e 

Ave. 
B..S. 
Age 

No. 

I 

Moron 
II 

III 

Sh. 

No. 

Borderline 
I            II         III 

Sh. 

No. 

I 

12.6 

M.V. 

104 

4 

26.8 
6.5 

22.2 
5.6 

19^ 
5.1 

19. 

5.1 

9 

21.2 
5.3 

16.I 

1.8 

15.9 
1.7 

15.3 
1.7 

18 

22.2 
48 

13.0 

M.V. 

10.3 

3 

284 
24 

19. 
2.6 

17.7 
2.2 

17. 
2.6 

4 

20.7 
2. 

19.1 
3.3 

154 
1.2 

15.2 
14 

8 

21.6 
2.8 

12.8 

10.3 

7 

27.6 
44 

20.6 
41 

184 
3.9 

18. 
3.9 

13 

20.9 
3.6 

17.6 
2.5 

15.6 
14 

15.2 
1.5 

26 

^3:i 

141 
M.V. 

I  I.I 

^l 

11.3 

^l 

1 1.2 

5     20.1      16.9    154    14.6       18     20.4 
2.3       2.3      1.6       .8  2.6 


I      21.0      214    16.0    16.0         I      16.2      13.8    13.0    13.0 


19.9 
2.5 


6      18. 1      15.3    14.2    13.8       22     20.1 

2.5 


Digitized  by 


Google 


Table  XXLI 

Binet-Simon  Age  VIII 

ckwar 

d 

ReUrded 

Nonnal 

'll 
1 

III 

Sh. 

No. 

I            II         III        Sh. 
Boys 

No. 

I            II        III       Sh. 

•204 

193 

18.2 

6 

3.84       29.7     36.0     29.0 

5 

31.9      23.9     25.6     22.6 

5.5 

2.5 

2.3 

13.8      124    18.3     12.6 
Girls 

3.5          I.         4.9       2.2 

19.3 

18.6 

17.9 

I 

284      45.6    20.0    20.0 

2.3 

2. 

1-9 

Both  Sexes   (Averages) 

20.0 

I9.I 

18.0 

7 

37.0      32.0    337    27.7 

3.9 

2.2 

2.1 

No. 


^ 


Table  XXIII 

Binet-Simon  Age  IX 

Boys 

194 

17.9 

^7-4 

6      21.8      18.8    18.0    17.9 

3.7 

2.9 

2.8 

1.9        1.9      1.5      1.7 
Girls 

I9.I 

17.2 

16.S 

3      24,6      16.6    17.9    16^ 

3.1 

1.6 

1.8 

2.8         .8      1.7        .5 
Both  Sexes  (Averages) 

19.3 

17.8 

17.2 

9      22.7      18.1     18.0    17.3 

3.4 

2.2 

2.3 

2.3        1.3      1.6      I.I 

4       26.3  21.2  21.6  20.5 

3.3  2.0  2.0  14 

4      23.7  20.3  19.7  19.0          2      28.0 

4.7  4.8  3J6  4.0      M.V.    3.0 

8      25.0  20.7  20.6  19.6 

4.0  34  2.8  2.7 


Table  XXIV 

Binet-Simon  Age 

X 

;kward 

ReUrded 

Nomuil 

^11 

III 

Sh. 

No. 

I 

II 

Boys 

18.7 

III 

Sh. 

No. 

I 

II 

m 

Sh. 

|r7.5 

16. 1 

IS.5 

15 

21.9 

17.3 

16.3 

7 

25.6 

184 

17. 

IS.7 

r2.7 

2,3 

2.3 

4.8 

Gfrfs 
22.0 

3.3 

24 

3-5 

2.5 

1.3 

.7 

17.3 

17A 

15.8 

I 

27.8 

16.0 

16.0 

4 

21'.  I 

18.S 

16.9 

i6.i 

1.9 

2.7 

1.8 

2.1 

2^ 

.8 

.7 

Both  Sexes  (A 

verages) 

174 

16.7 

1S.6 

16 

24.9 

20.3 

16.6 

16.1 

II 

23.3 

ia4 

16.9 

IS.8 

2.3 

2.5 

2. 

2.8 

2.3 

I. 

7 

No. 


Table  XXV 

Binet-Simon  Age  XI 

Boys 

J.5.9 

14.8 

14.5 

5 

19.8      14.9    144    14.0 

I 

16.2 

15.4 

14.4 

144 

'2.2 

1.9 

.9 

3.8        I.I      1.6      I.I 

Girls 

. 

>9.2 

17.I 

17.0 

3 

19.8      174    14.6    14.6 

I 

16.0 

14.2 

14.2 

14.2 

4      19^6 

h2 

4.1 

3.9 

.9        I.I        .9       .9 

.9 

Both  Sexes  (Averages) 

l7S 

15.9 

15.7 

8 

19.8      16. 1     14.5    14.3 

2 

16.1 

14.8 

14.3 

14.3 

'2.7 

3. 

24 

2.3        I.I      1.2      I. 

Digitized  by  LjOOQIC'         I 


Ave. 
B..S. 
Age     No. 

5.3 


Idiot 
II        III 


Sb. 


No. 


Imbecile 
I  II         III        Sb. 


I        70.0       80.0     70.0     70.0 


No. 


Borderline 
I  II         III 


5.6 


JO 


SI  5.3     I 

72   74 
57 


180.0 


2     149.0      75.0 
6.0       s.o 


70.0 


I      47.0      26.6    28.0 


Ave. 

B.-S.  Imbecile 

Age     No.         I  II         III       Sb.         No.         I 


Moron 

II         III       Sb.         No. 


1.51    6.2       6      86.5  519  49.9  3B.8         I      50.0      39.4    44.0    39.4 

41.1  18.5  4.5  54 

•743    6.08      2     237.2  135.  69.0  69.0         I      34.0      27.0    24.0    24.0 

CV.  67.2  15. 

^746   6.1       8    124.2  72.6  53.7  43.1         2     42.0     33.2    34.0    21.7 
TV.                      54.1      16.7 


L843    7.16     5      95.8     59.0   49.5    48.5 
•v.  53.7       9.8      (i.7      9.9 

BKV. 


^^\    '-' 


Borderline 
I  II         III 


I        37.4       28.0     284 


Digitized  by  LjOOQIC 


f 


r3t 


Sb. 


26.6 


Table  XXXI 
Chronological  Age  5 

Retarded 

Normal 

No.        I           II        III       Sh. 
Boys 
I      49.0      45.0    47.0    45.0 

No. 

I 

II         III 

Sh. 

No. 

I 

II 

III 

I 

65.0 

41.6     38.6 

38.6 

I 

169.0 

96.0 

72.0 

Girls 

Both  Sexes  (Averages) 

Table  XXXII 

Chronological  Age  6 

Boys 

3      55.5      394    38.2    36.2 

9.6        7.1      8.3      5.7 

Girls 

2 

30.8 
.8 

35.0     35.7 
4.0       4.3 

1 

3 

46.8 
7-2 

42.3 

1-5.7 

16.8 

I      66.2      40.2    39.6    39.6 

I 

4D.0 

35.0 

27.0 

Both  Sexes  (Averages) 
4      58.2      39.6    38.6    37.0 


45.1      40.S    37.4 


Sh. 


Z^ 


28.0 


r]i 


-S 


Table  XXXIII 
Chronological  Age 
Backward 


No. 

I 

II 

Boys 

III 

Sh. 

7 

43.5 

35.9 

29.8 

274 

Z'2 

I.I 
Girls 

4.8 

5.7 

3 

49.0 

33.6 

28.0 

28.0 

17.0 

3.4 

6.6 

6.6 

Both  Sexes   (Averages) 

10 

45.1 

35.2 

29.3 

27.6 

10. 1 

2.2 

57 

6.1 

Table  XXXIV 

Chronological  Age  8 

Boys 

10 

42.7 

28.2 

30.0 

26.2 

13.2 

5.4 
Girls 

1 1.4 

6.1 

5 

44.4 

27.5 

26.5 

25.8 

18.2 

3.5 

^7 

^'2 

Both  Sexes   (Averages) 

15 

43.2 

28.0 

28.9 

26.1 

15.7 

44 

7.5 

4.6 

No. 


Retarded 
II         III 


Sh. 


43.2  38.4  23.6  23.6 

1 1.7  15-2  3.7  Z'7 

56.0  28.4  33.6  284 

45.8  364  25.6  24.5 

30.4  24.2  22.7  21.8 

6.2  5.0  3.7  3,2 

48.0  34.0  22.0  22.0 

32.6  25.3  22.6  21.8 


No. 


Normal 
II         III 


5      30.2      244    26A 
3.7  .8      6. 

I       45.0       35.0     27.0  I 


6     32.7      26a    26.8  f 


30.9 

2Z,2 

22411 

4.5 

14 

2.7  ■ 
20.2  U 

25.0 

22.8 

5. 

7.2 

6.8 
1.6 

29.6 

23.1 

21.9  W 

4.7 

4.3 

47 

Digitized  by 


Google 


NorauJ 
II      III 

96.0    72X) 

r 

Aye. 
B.-S. 
Age 

No. 

I 

Imbecile 
II 

III 

Sh. 

No. 

I 

Moron 
II 

III 

Sh. 

No. 

Borderii 
I            II 

^ 

9.66 

2 

34-7 
8.7 

37.5 
1.5 

32.0 
9.0 

29.5 
6.5 

8 

48.7 
30.2 

38.3 
19.3 

29.7 
12.3 

284 
II.4 

5 

30.3  23.0 
6.9         64 

?vi' 

8.79 

2 

49.5 

5.5 

36.4 
6.4 

32.2 
.2 

31.0 

.1 

4 

28.3 
3.1 

20.0 
33 

22.0 

5.4 

18.9 
2.7 

4 

30.9  18.7 
7.0         24 

423    40.9 
15'7   i^-^ 

^ 

9.39 

4 

42.1 
7.1 

36.8 
3.9 

32.1 
4.6 

30.2 

3-7 

12 

41.8 
16.7 

32.2 
11.3 

27.1 
8.9 

25.2 
7.0 

9 

30.6  21. 1 
7.0         44 

J5.0  27.01 


0.5  il-i 

We. 

Iiron. 

Aye. 
B.-S. 
Age 

No. 

I 

Imbecile 
II         III 

Sh. 

No. 

I 

Moron 
II 

III 

Sh. 

No. 

B 

1 

ordcrli 
II 

1342 
I.V. 

9.3 

5 

87.8 
60.7 

45.6    574 
154    38.8 

16.8 

9 

27.6 
4.7 

23.8 
6.3 

18.6 
2.3 

18.0 
1.9 

5 

22.3 
2.2 

18.8 
3.0 

Dll 

[         III 

[y; 

1044 

I 

23.0 

23.0 

22.0 

22.0 

4 

22.6 
4.9 

22.1 
14 

4   i&8 
8    6- 

'^'^ 

9.5 

10 

27.1 

23.7 

18.9 

184 

9 

22.4 
3.5 

20.3 
2.2 

J  ^^i 


26.SI 


P# 

9-8 

4      40.7 
9.8 

31.8 
5.7 

22.8 
2.6 

22.8 
2.6 

9 

35.2 
18.8 

20.5 
6.5 

20.2 
4.8 

18.2 
4.1 

7 

19.9 
2.5 

16.3 
1.5 

'1 

\i^ 

97 

4 

21.0 
3.7 

17.2 

2. 

16.2 

1.6 

16.1 
1.8 

3 

19.5 
2.2 

15.5 
3.2 

6»m 

!     ^' 

9^ 

13 

30.8 
11.2 

19.5 
4.2 

19.0 
3.2 

17.S 
2.9 

10 

19.7 
2.3 

16.1 
2.3 

f 

Digitized  by  LjOOQ ICl 


.3« 


Table  XXXVIII 

Chronological  Age  12 

t 

Backward 

III 

Sh. 

No.        I            II        III       Sh. 
Boys 

209 

20.8 

12      22.7      17.4    17.2    16.3 

34 

4.0 

4.2        3.3      2.5      3.2 
Girls 

23.6 

18.0 

4      21.9      17.7     ^5-2    15.0 

4.0 

2.8 

2.1        1.9      1.2      1,0 
Both  'Sexes   (Averages) 

21.8 

19.2 

16      21.2      17.6    16.7     16.0 

3-7 

3.4 

3.1        2.6      1.8      2.1 

Table  XXXIX 

Chronological  Age  13 

Backward 

III 

Sh. 

No.         I            II         III        Sh. 
Boys 

16.8 

16.4 

12      22.3      17.0    15.1     15.0 

1.5 

1.9 

3.3       2.7      1.5      1.6 
Girls 

15.8 

IS.8 

3      21.9      19.6    19.6     18.6 

.7 

•7 

2.0        4.0      3.8      4.2 
Both  Sexes   (Averages) 

16.3 

16.1 

15      22.2      17.5     16.0    15.7 

I.l 

1.3 

2.6        3-3      2.7      2.9 

Table  XL 

Chronological  Age  14 

Boys 

IS.4 

15.0 

II       18.4      15-3     13.7    13.7 

.8 

.6 

2.2         .9        .9        .9 
Girls 

14.2 

13.9 

3      18.2      16.3     14.0    14.0 

1.4 

1.6 

I.I        1.6        .07      .07 
Both  Sexes   (Averages) 

ISO 

14.7 

14      18.4      15.5     13.8    13.8 

I.I 

I.I 

1.6        1.2        4        .4 

•^' 


■U 


No. 


No. 


I 

II 

III 

Sh. 

19.0 

3.1 

18.8 

6.8 

15.1 
2.1 

14.9 
1.9 

23-7 
5.3 

17.5 
.5 

17.8 
2.8 

16.0 

I.O 

20.3 

4-2 

184 
3.6 

159 
2.5 

IS.2 
1.4 

I 

Retarded 
II 

III 

Sh. 

17.6 
2.3 

16.0 
1-4 

14.9 
2.6 

14.3 
1.5 

20.S 

.5 

17.2 
1.4 

145 
I.I 

14.5 
I.I 

18.3 
24 

16.3 
1-4 

14.8 
1.8 

144 
1.3 

16.6 
4.0 


14.0 

1.0 


144 

2.0 


13.3 
1.3 


No. 


15.8 

1.6 


Norma 
II 

14.0 1 
1.0 1 


No. 


Normal 
II 


19.0 
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Ave.  Ave. 

Chron.  B.-S. 

Age  Age  No.       I 

1845  12.6 


Moron  Borderline 

II         III       Sh.     No.     I  II 


Table  XLIV 
Chronological  Age  18 

II 


III     Sh.    No.     I 
Boys 
I    20.2    15.0    15.2    15.0    I    20.0    17.0    15.D 


Backward, 
III        Si 


19.16 


Tablk  XLV 
Chronological  Age  19 
Boys 
22.0    21.4    14a    14.2 


25.66      13 


Table  XLVI 
Chronological  Age  25 
Boys 
I    21.0    174    13.8    13J 


33.16       9.8    I    26.2    26.0    18.0    18.0 


Table  XLVII 

Chronological  Age  33 

Girls 


Chron.,  chronological.     B.-S.,  Binet-Simon.     Ave.,  average.     No.,  number  of  cases, 
third  trials.     Sh.,  averages  of  the  fastest  record  made  during  the  three   trials.     All| 
grades  or  groups  of  intelligence  given  in  each  age.    Unit  of  measurement,  i  second, 
averages.    M.V.,  mean  variation.    The  chronological  age  has  always  been  computed  x\ 


Table  XLIX 
YEARLY  NORMS  FOR  NORMAL  CHILDRl 


Wallin 

Wallin 

Wallin 

Sylvesti 

Age 

Boys 

Girls 

B.  &G. 

B.  &  G 

No. 

Ave. 

No. 

Ave. 

No. 

Ave. 

No. 

2(20-211) 

7 

3(3'''3'') 

I 

53.0 

9 

4(4M") 

9 

27.8 

13 

28.7 

22 

284 

35 

5(5^-5") 

19 

24.6 

31 

25-8 

50 

254 

80 

6(60-6»0 

64 

21.8 

49 

224 

113 

22.1 

170 

7(70.711) 

79 

19^ 

79 

194 

158 

19.3 

173 

8(8o-8»i) 

68 

16.6 

79 

16.5 

147 

16.5 

206 

9(90.911) 

82 

14.9 

8S 

16.2 

167 

15.6 

214 

lo(ioo-ioii) 

72 

144 

78 

144 

150 

144 

221 

n(no-ii»i) 

74 

12.7 

?5 

13.8 

169 

13.4 

172 

I2(I2<»-I2»1) 

^ 

12.3 

64 

12.6 

154 

124 

141 

13(13^-13") 

66 

12.3 

77 

12.6 

143 

12.S 

80 

14(14^-14") 

49 

11.6 

45 

11.6 
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INTRODUCTION 

Among  the  reasons  why  the  attribute  of  intensity  has  not  re- 
ceived the  consideration  in  experimental  investigations  which  has 
been  given  to  other  attributes  of  auditory  perception,  are 
especially  the  technical  difficulty  in  controlling  the  intensity  of 
tones  and  the  lack  of  a  convenient  standard  of  tone  intensity. 
There  is  no  standard  of  tone  intensity  which  is  as  available  in 
psychological  laboratories,  as  is  the  candle  power  for  light  in- 
tensity. Besides  these,  further  difficulties  appear  in  producing 
pure  tones,  in  varying  the  intensity  in  a  measurable  manner  and 
in  maintaining  a  constant  intensity. 

The  first  step  in  this  investigation  was  the  construction  of  an 
apparatus  by  which  the  intensity  of  the  tones  to  be  used  can  be 
controlled. 

The  physicists  who  are  best  prepared  to  design  the  apparatus 
are  not  interested  in  the  problem  of  tone  intensity  as  it  presents 
itself  to  the  psychologist  and  for  this  reason  it  was  found  neces- 
sary to  design  and  construct  the  apparatus  in  the  psychological 
laboratory. 

The  problem  was  suggested  to  the  writer  while  a  student  as- 
sistant in  the  laboratory,  by  Professor  M.  F.  Meyer  in  1909.  The 
writer  takes  this  occasion  to  acknowledge  the  great  help  he  has 
received  from  Dr.  Meyer  throughout  the  entire  time  that  he  was 
working  on  the  experiment, — assistance  and  encouragement 
which  extended  to  every  phase  of  the  problem — ^mechanical, 
theoretical  and  practical.  Because  of  Professor  Meyer's  wide 
experience  with  auditory  phenomena  in  general  and  because  of 
the  fact  that  he  had  already  started  the  problem,  the  writer  was 
able  to  go  ahead  in  a  more  direct  path  than  would  have  been 
possible  had  it  been  necessary  for  him  to  work  independently. 

The  apparatus  difficulties  passed  through  four  relatively  dis- 
tinct stages,  which  will  be  considered  in  some  detail  in  the  de- 
scription of  the  preliminary  apparatus.  It  is  considered  worth 
while  to  describe  these  preliminary  experiments  so  that  others 
who  may  take  up  the  problem  of  tone  intensity  apparatus  may 
be  spared  some  of  the  difficulties  which  were  encountered. 
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It  was  continually  borne  in  mind  that  tone  intensity  relations 
are  an  important  part  in  nearly  every  investigation  in  audition. 
This  is  one  reason  why  the  apparatus  has  become  so  compli- 
cated. The  following  are  some  problems  in  which  tone  intensity 
plays  a  role.  It  also  represents  a  provisional  program  of  experi- 
mental work  which  it  is  hoped  may  some  time  be  completed  by 
the  use  of  this  apparatus. 

Influence  of  phase  on  the  intensity  of  tones. 

Relative  intensity  of  difference  and  combinational  tones. 

Relation  between  vocality  and  intensity. 

Relation  between  tonality  and  intensity. 

Effect  of  intensity  on  the  consonance  or  dissonance  of  in- 
tervals. 

Effect  of  intensity  upon  the  apparent  pitch. 

Effect  of  intensity  on  pitch  discrimination. 

Limen  for  intensities. 

Effect  of  intensity  on  the  analysis  and  synthesis  of  tones. 

Experiments  in  audition  are  more  discontinuous  than  they  are 
in  vision.  It  is  not  likely  that  we  will  soon  have  pure  tones 
which  can  be  made  very  loud,  and  whose  vibration  rates  can 
be  made  to  vary  quickly  between  the  limits  of  audition,  in  the 
same  way  that  brightness  or  saturation  is  now  varied  in  vision. 
For  this  reason  the  usual  experiment  in  tones  will  be  restricted 
to  relatively  few  tones  or  intervals. 

The  whole  tonal  scale  must  be  worked  over  gradually  but 
as  the  technique  develops  and  the  body  of  facts  is  extended 
much  more  satisfactory  work  can  be  done  on  the  various  theories 
of  audition.  Most  of  the  current  theories  on  audition  were 
built  upon  considerations  which  were  mainly  qualitative  in  char- 
acter. A  theory,  however,  is  of  greatest  use  when  it  aids  in  also 
predicting  quantitative  relations. 

The  apparatus  also  lends  itself  well  to  experiments  in  vision 
in  which  it  is  necessary  to  have  a  constant  illumination.  The 
alternating  current  which  passes  through  the  sockets  36,  fig.  4»  is 
about  as  constant  an  electrical  current  as  can  be  produced.  With 
the  proper  Mazda  lamp  the  apparatus  will  furnish  an  unvarying 
light  up  to  about  100  candle  power.  Where  vision  and  audition 
are  to  be  combined  in  an  experiment  this  fact  is  of  especial 
importance. 
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I.   PURPOSE  AND  SCOPE  OF  THE  APPARATUS 

The  apparatus  was  designed : 

1.  To  produce  a  number  of  pure  tones. 

2.  To  control  the  tone  intensity. 

3.  To  control  the  phase  relations. 

1.  The  test  for  a  pure  tone  was  the  unitary  character  of  the 
auditory  impression.  A  tone  was  judged  to  be  pure  when  a 
careful  and  attentive  analysis  by  the  unaided  ear  did  not  reveal 
overtones  or  upper  harmonics  of  the  forks  or  resonators.  As 
a  part  of  the  apparatus  consisted  of  the  carefully  tuned  reso- 
nators 150,  200,  250,  300,  350,  400,  450,  any  tones  having  these 
periods  could  be  readily  detected,  if  present  as  overtones  or 
asymmetry*  tones.  The  extent  to  which  an  objective  search  for 
overtones  was  made  was  limited  to  these  resonators.  Disturbing 
tones  and  noises  that  were  present  to  the  ear  were  localized  with 
a  short  piece  of  rubber  tubing,  one  end  of  which  was  held  to 
the  ear  while  the  different  parts  of  the  apparatus  were  explored 
with  the  other  end.  Such  tones  were  usually  caused  by  loose 
washers,  the  millimeter  scales  rattling  against  the  resonators, 
etc.    When  once  located  they  were  usually  easy  to  eliminate. 

2.  To  make  judgments  of  intensity,  it  is  necessary  that  the 
tones  can  be  started  and  stopped  without  any  pronounced  varia- 
tion in  the  character  of  the  tone  at  the  beginning  and  end.  A 
fork  always  changes  its  character  when  suddenly  stopped  and 
several  seconds  are  required  before  an  electrically  driven  fork 
reaches  its  constant  amplitude.  For  this  reason  the  forks  were 
kept  vibrating  all  the  time  and  the  tone  generated  in  the  reso- 
nator was  the  one  started  and  stopped  by  a  felt  covered  shutter. 
If  the  resonator  is  carefully  tuned  and  properly  adjusted  over 
the  fork,  the  tones  "just  slide  in  and  out"  quickly  but  with 
neither  the  beginning  nor  the  end  specifically  marked. 

IF.  Lindig,  Ann.  d.  Phys.  vol.,  11,  p.  31  ff.  1903.  Ucber  Asymmetrietoene. 
M.  F.  Meyer,  ibid,  vol.  12,  p.  SSg.  1904.  Ucber  Kombinations-  und  Asym- 
metrietoene. 
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The  intensity  of  the  tones  was  controlled  by  shifting  the  reso- 
nators to  different  distances  from  the  forks.  The  mechanical 
details  will  be  described  in  the  Method  of  Experimentation. 

3.  By  phase  control  is  meant  our  being  able  to  determine  how 
the  sound  waves  reach  the  ear  relative  to  each  other.  This  is 
of  considerable  theoretical  importance  because  the  character  of 
the  resulting  sound  wave,  when  a  number  of  tones  are  sounding 
at  the  same  time,  depends  very  much  upon  the  phase  relations. 

I.  Preliminary  Apparatus 

Work  on  the  apparatus  was  begun  with  a  special  set  of  tuning 
forks  of  the  frequencies  150,  200,  250,  300,  350,  400,  450,  500. 
These  were  mounted  on  resonance  boxes.  They  were  to  be 
kept  vibrating  by  air  impulses  of  the  same  frequency,  blown  into 
the  resonance  boxes  of  the  forks.  To  secure  air  impulses  of 
the  proper  frequency,  a  motor*  was  made  whose  magnetic  fields 
were  made  and  broken  by  an  electrically  driven  tuning  fork.  This 
motor  would  run  only  when  its  rate  of  rotation  synchronized 
with  the  vibration  rate  of  the  fork.  Any  tendency  to  run  faster 
or  slower  would  result  in  an  acceleration  or  retardation  such 
that  it  was  forced  into  step  with  the  fork.  On  the  shaft  of  this 
motor  was  mounted  a  series  of  sirens  with  rectangular  holes. 
Air  under  pressure  was  interrupted  by  these  holes  and  led  to 
the  mouth  of  the  resonator  on  the  tuning  fork.  It  was  hoped 
that  these  air  puffs  would  keep  the  tuning  forks  vibrating  stead- 
ily and  strongly. 

The  forks  were  not  to  furnish  the  tones  to  be  used  in  experi- 
menting, but  were  to  act  as  generators  of  sinusoidal-electric 
currents  which  acted  on  a  telephone  receiver  located  in  the  piston 
of  an  adjustable  resonator.  On  one  of  the  prongs  of  these 
forks  was  fastened  a  coil  of  copper  wire  which  moved  inside  of 
an  annular  coil  on  the  opposite  prong  of  the  fork.  When  the 
forks  were  vibrating,  these  coils  moved  over  and  within  each 
other  in  the  same  form  of  motion  as  that  in  which  the  fork 
prongs  were  moving.    Since  the  prongs  moved  in  a  purely  sinu- 

2  The  motor  was  built  on  the  same  principle  as  the  "phonic  wheel"  described 
by  Lord  Rayleigh.  Theory  of  Sound,  vol.  I,  p.  67,  The  motor  was  con- 
structed by  Max  Kohl,  Chemnitz,  Germany. 
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soidal  form  of  motion  a  constant  electric  current  that  was  sent 
through  one  of  the  coils,  would  induce  an  alternating  current 
having  a  sinusoidal  form  in  the  other  coil.  This  alternating 
current  then  passed  through  the  telephone  resonator.  It  was 
found,  however,  that  the  tone  was  too  weak  and  not  pure. 

The  amplitude  of  the  forks  and  the  number  of  turns  on  the 
coils  were  not  great  enough  to  produce  alternating  currents 
which  were  strong  enough  to  cause  a  strong  tone  in  the  tele- 
phone resonator.  The  vibrations  of  the  telephone  diaphram 
were  furthermore  not  of  a  single  sinus  form,  as  was  demon- 
strated by  the  presence  of  overtones.  The  diaphram  vibrated 
not  only  in  the  forced  period  of  the  alternating  current  gen- 
erated by  the  forks  but  also  in  other  periods,  due  probably  to 
the  manner  in  which  the  metal  and  internal  stresses  were  dis- 
tributed over  the  disk  and  to  the  hysterisis  effects  of  the  magnet. 
At  the  time,  it  was  thought  that  the  difficulty  was  merely  one  of 
securing  stronger  electric  currents.  The  air  puffs  did  not  seem 
to  set  the  forks  into  vibration  as  strongly  as  was  thought  neces- 
sary to  get  the  best  results  from  the  coils  on  the  prongs  of 
the  forks. 

It  was  then  decided  to  drive  the  forks  electrically.  They 
•could  not  be  driven  in  the  ordinary  manner  of  electrically  driven 
forks,  because  it  was  desirable  to  control  their  phase.  To  do 
this  it  is  necessary  that  the  moving  parts  that  make  the  inter- 
ruptions should  be  the  same  for  all  the  forks.  When  the  forks 
were  being  driven  by  the  air  puffs,  this  object  was  achieved  by 
the  common  shaft  upon  which  the  sirens  were  mounted.  It  was 
decided  to  use  a  similar  principle  in  producing  the  electrical  in- 
terruptions which  were  now  to  drive  the  forks.  Instead  of 
having  a  number  of  seperate  disks,  a  large  disk  of  one-fourth 
inch  copper  and  sixteen  inches  in  diameter,  was  made.  This 
disk  had  nine  rows  of  holes  of  lo,  20,  30,  40,  50,  60,  70,  80,  90 
lioles  to  the  row.  These  holes  were  filled  with  hard  rubber 
plugs  and  the  whole  face  of  the  disk  ground  to  a  plane  surface. 
A  series  of  bronze  contact  springs  placed  over  the  rows  of  holes 
opened  and  closed  an  electric  circuit  as  the  plugs  and  copper 
alternately  passed  under  the  contact  points. 
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When  the  disk  was  driven  at  the  rate  of  five  revolutions  per 
second,  the  various  circles  produced  interrupted  currents  of  the 
frequencies  50,  100,  150,  200,  250,  300,  350,  400,  450  per  sec- 
ond. By  sending  these  interruptions  through  the  magnets  of 
tuning  forks  of  corresponding  vibration  rates,  these  forks  would 
be  set  in  vibration.  The  advantage  of  this  method  was  that  the 
amplitude  of  the  forks  could  be  controlled  by  varying  the 
amount  of  current  passing  through  the  fork  magnets.  In  this 
way  it  was  hoped  that  the  amplitude  of  the  generating  forks 
could  be  made  great  enough  to  give  alternating  currents  of  suf- 
ficient strength  to  secure  a  strong  tone  in  the  telephone  resonator. 
The  phase  in  which  the  different  forks  were  vibrating  could  be 
controlled  by  shifting  the  contact  brushes  by  variable  sectors. 

Great  difficulty  was  encountered  in  the  use  of  the  t)rpe  of 
synchronizing  motor  being  used.  It  was  found  difficult  to  ad- 
just the  driving  current  so  that  the  motor  would  run  contin- 
uously. Slight  variations  in  the  current,  variation  in  the  friction 
from  temperature  changes  or  irregularities  in  the  lubrication,, 
were  enough  to  throw  it  out  of  step  with  the  regulating  fork. 
All  the  indications  seemed  to  be  that  this  type  of  motor  was  too 
weak  to  drive  the  copper  disk  properly,  the  area  of  which  was 
so  great  that  air  friction  could  be  expected  to  have  considerable 
retarding  effect.  However,  even  under  favorable  conditions  of 
driving,  the  fork  generators  were  too  weak  to  "give  strong  tones 
in  the  telephone  resonator.  Even  during  those  rare  occasions 
when  the  motor  ran  the  disk  with  a  regularity  and  smoothness 
beyond  all  criticism,  the  tones  were  too  weak. 

Instead  of  seeing  that  the  difficulty  was  in  the  telephone  prin- 
ciple we  thought  it  was  due  to  the  fact  that  the  alternating  cur- 
rents which  were  produced  by  the  generating  forks  were  too 
weak.  We  then  took  a  large  heavy  150  fork  and  made  a  new 
generating  fork  which  was  wound  with  much  finer  wire  and 
consequently  a  larger  number  of  turns.  The  magnet  which 
drove  the  fork  was  also  very  efficient,  giving  an  amplitude  to 
the  fork  prongs  as  high  as  6  mm.  This  was  greater  than  we 
had  ever  secured  before  and  much  greater  than  we  could  hope 
to  secure  with  the  higher  forks.     Now  there  should  have  been 


Digitized  by 


Google 


APPARATUS  AND  EXPERIMENTS  ON  SOUND  INTENSITY       7 

no  question  about  the  efficiency  of  the  generating  fork.  We 
were  able  to  send  very  strong  currents  through  the  inducing 
coils,  but  all  we  got  out  of  the  telephone  resonator  was  a  beauti- 
ful tone  as  long  as  the  intensity  was  very  low,  but  as  the  current 
was  increased  the  tone  became  a  loud  snarl.  At  this  point  we 
should  have  realized  that  the  difficulty  was  with  the  telephone 
resonator — but  the  good  tones  which  we  secured  at  low  in- 
tensities prevented  our  seeing  that  a  device  which  gives  a  pure 
weak  tone  need  not  necessarily  give  a  pure  strong  tone.  Again 
the  blame  was  equally  distributed  between  the  generating  forks 
and  the  motor. 

We  thought  that  the  differences  in  potential  were  not  great 
enough  in  the  generating  coils  during  one  complete  cycle  of  the 
fork.  This  difference  in  potential  depends  upon  the  amplitude 
of  the  fork ;  the  greater  the  amplitude,  the  greater  the  difference 
in  potential.  The  amplitude  of  the  experimental  fork  we  were 
using  was,  however,  so  much  greater  than  we  could  use  in  the 
actual  experiment  on  tone  intensities,  that  we  decided  to  use 
some  other  principle  of  getting  a  greater  difference  in  potential. 
Accordingly  we  gave  up  the  fork  generator  idea  and  began  to- 
develop  the  microphone  principle. 

Cylindrical  resonators  were  made  for  four  or  five  of  the 
forks,  which  had  at  their  bottoms  a  carbon  telephone  disphram 
placed  against  carbon  granules.  When  the  vibrating  tuning 
fork  was  held  to  the  mouth  of  the  resonator,  the  air  vibrations 
within  the  resonators  transmitted  their  energy  to  the  diaphram 
and  set  it  into  forced  vibration.  These  vibrations  changed  the 
electrical  resistance  between  the  carbon  granules  and  changed 
a  constant  current  which  was  passing,  into  a  varying  current. 
This  was  then  sent  through  the  telephone  resonator.  Again  it 
was  found  that  the  tones  in  the  telephone  resonator  were  too- 
weak  and  not  pure.  For  the  lower  intensities  the  system  worked 
well,  but  for  high  intensities  the  tone  became  impure  and 
scratchy.  Toward  the  end  we  used  currents  which  were  sa 
strong  that  the  carbon  disks  and  granules  became  so  hot  that 
the  paraffin  with  which  they  were  fastened,  began  to  melt.  But 
increasing  the  current  did  not  increase  the  tone  intensity  to  an 
appreciable  extent. 
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The  telephone  idea  was  finally  given  up  after  many  changes 
and  modifications  because  a  tone  which  was  pure  and  strong 
enough  to  suit  our  requirements,  was  not  secured. 

The  next  step  was  to  connect  the  prongs  of  the  forks  with 
diaphragms  at  the  back  of  resonators.**  The  back  of  the  re- 
sonator was  made  of  a  mica  diaphragm.  One  end  of  a  light 
wooden  rod  was  attached  to  the  diaphragm  with  sealing  wax 
and  the  other  end  was  attached  to  one  of  the  prongs  of  the  fork. 
This  gave  pure  strong  tones  but  they  could  not  be  started  and 
stopped  quickly.  Overtones  due  to  the  mica  disk  appeared  when 
the  tones  were  very  strong,  but  the  results  were  more  promising 
than  znythmg  that  had  been  achieved  thus  far.  It  was  decided 
to  go  ahead  and  devise  a  method  by  which  the  tones  could  be 
started  and  stopped  quickly. 

The  Victor  Talking  Machine  Company  of  Camden,  N.  J., 
very  kindly  sent  us  the  sound  transmitting  parts  of  one  of  their 
talking  machines.  The  needle  of  the  sound  box  was  allowed  to 
rest  on  a  piece  of  wood  which  had  been  attached  to  the  prong 
of  the  tuning  fork.  The  fork  was  kept  vibrating  continually 
and  the  tone  was  started  and  stopped  by  raising  and  lowering 
the  needle  on  to  the  piece  of  wood.  For  low  intensities  the  tone 
was  good,  but  at  the  instant  of  dropping  the  needle  on  the  fork 
a  fearful  racket  was  generated.  The  weight  of  the  needle  and 
the  sound  box  also  dampened  the  vibrations  of  the  fork  to  such 
an  extent  that  the  tone  became  very  weak  and  unsteady. 

While  these  experiments  with  the  source  of  sound  were  being 
conducted,  the  system  for  driving  the  forks  was  being  perfected. 
The  original  synchronous  motor  being  found  too  weak,  work 
on  a  more  powerful  motor  of  the  same  type  was  started.  While 
at  work  on  this  motor,  the  Leeds  &  Northrup  Co.,  of  Phila- 
delphia, placed  upon  the  market  a  constant  speed  device  which 
seemed  more  promising.*  What  follows  is  a  description  of  the 
apparatus  finally  used. 

•  This  principle  has  •been  used  successfully  by  A.  G.  Webster  in  his  experi- 
ments on  tone  intensity  stan<iards. 

*We  did  not  buy  the  complete  Leeds  &  Northrup  apparatus  but  only  the 
converter,  rheostat  and  transformer  because  we  did  not  think  that  the  reg- 
ulating fork  as  they  had  it  mounted  would  give  us  tlie  constancy  of  angular 
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2.  Final  Apparatus 

The  essential  parts  of  the  Leeds  &  Northrup  constant  speed 
motor  are  a  regulating  tuning  fork  and  a  rotary  converter  which 
is  driven  from  the  direct  current  side.    The  alternating  current 
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proper  direction  for  getting  the  best  contact  conditions  for  the 
direct  current  carbons.  If  it  is  necessary  to  change  the  direction 
of  the  converter  as  received  from  the  manufacturer,  this  is 
readily  done  by  exchanging  the  terminals  of  the  two  lower  direct 
current  carbons. 

3.  Details  of  Apparatus  Parts 
A.  Batteries 

The  laboratory  is  supplied  with  direct  current  from  the  power 
house  at  no  volts  and  it  was  at  first  thought  that  this  would 
be  steady  enough  in  its  voltage  to  run  the  rotary  converter  with- 
out installing  storage  batteries.  It  was  found,  however,  that  the 
changes  in  voltage  due  to  the  turning  on  and  off  of  light  clusters 
and  machinery  on  the  campus,  made  the  current  too  irregular 
to  work  satisfactorily.  While  the  voltage  is  in  general  kept  up 
to  no  volts  at  the  power  house  by  suitable  regulating  devices, 
yet  the  apparatus  used  in  this  experiment  is  considerably  more 
sensitive  and  responds  more  promptly  to  changes  than  the  de- 
vices used  at  the  generating  plant.  At  times  during  the  day  and 
especially  late  at  night  after  the  offices  and  halls  on  the  campus 
are  closed,  the  power  house  current  becomes  steady  enough  to 
run  the  entire  apparatus. 

While  the  batteries  are  expensive  to  install  and  require  some 
skill  in  keeping  them  properly  charged,  the  steady  character  of 
the  current  justifies  the  expense. 

After  the  batteries  had  been  set  up  they  were  used  to  run  the 
converter  only.  The  regulating  fork  and  tone  forks  were  driven 
from  the  power  house  line.  However,  double-throw  switches 
were  installed  at  numerous  points  so  that  any  part  of  the  system 
could  be  operated  on  either  power  house  or  battery  service.  This 
was  of  considerable  advantage  at  first  since  it  was  easy  to  de- 
termine whether  any  trouble  which  developed  was  due  to  the 
character  of  the  current  or  to  the  faults  in  the  mechanical  con- 
struction. It  was  found  that  flexibility,  as  represented  by  ad- 
justable rheostats  and  numerous  switches,  was  a  great  help  in 
locating  difficulties  and  unifying  the  operation  of  the  system. 

To  secure  the  required  voltage  and  capacity  from  the  bat- 
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teries,  60  chloride  accumulator  cells,  type  C  T,  plates  5x5 
inches,  were  bought  from  the  Electric  Storage  Battery  Company 
of  Philadelphia.  These  were  set  up  as  shown  in  fig.  i.  When 
fully  charged  and  connected  in  series,  they  delivered  a  current 
of  about  120  volts,  3  to  4  amperes,  for  about  two  hours.  Since 
the  power  house  current  is  only  105  volts,  the  60  cells  are  not 
charged  while  connected  in  series  but  are  divided  into  three  units 
(I,  II,  III,  fig.  i)  of  20  cells  each. 
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A.  Batteries — showing  manner  of  connection. 

To  save  space  and  also  allow  for  subsequent  changes  in  the 
grouping,  if  this  should  prove  desirable,  each  unit  is  divided  into 
two  sets  of  ten  cells  each,  connected  by  a  lead  strip  (/). 

When  batteries  are  charged  in  a  form  of  connection  different 
from  the  one  in  which  they  are  discharged,  there  is  considerable 
danger  from  short  circuits  being  accidentally  made  when 
changing  the  connections  from  charge  to  discharge.  To  avoid 
seriously  injuring  the  batteries  in  this  way,  a  switch  board 
(fig.  2)  was  made  which  simplified  the  manipulation  of  the  bat- 
teries and  avoided  accidental  damage.     In  fig.   i  the  numbers 
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from  I  to  6  are  the  terminals  of  the  wires  which  come  from  the 
various  end  plates  of  the  batteries  and  which  end  in  the  cor- 
respondingly numbered  binding  posts  on  fig.  2.  The  way  in 
which  these  terminals  are  distributed  over  the  switch  board  can 
be  traced  along  the  dotted  lines  leading  from  the  terminals.  All 
terminals  having  the  same  numbers  are  connected  to  the  same 
wires.  It  is  desirable  and  a  saving  of  time  if  the  testing  of  the 
voltage  of  the  batteries  and  the  measuring  of  the  charge  and 
discharge  currents  can  be  quickly  and  easily  performed  and  it 
was  for  this  purpose  that  the  switch  board  was  designed.  The 
batteries,  if  properly  handled,  will  last  a  long  time  but  where 
it  is  necessary  to  make  frequent  changes  of  the  connections, 
short  circuits  and  accidents  are  bound  to  occur  which  will  quickly 
injure  the  batteries  unless  such  accidents  are  forestalled  by  auto- 
matic devices. 

To  simplify  the  battery  end  of  the  apparatus,  the  devices 
shown  by  drawings  B,  E,  F,  G,  H,  fig.  2,  and  C,  D,  fig.  3,  were 
added.  Their  use  and  manner  of  construction  will  be  explained 
under  the  proper  headings. 

B.  Fig.  2.  Switch  board  for  making  Battery  connections. 

This  drawing  shows  only  the  lower  connections.  Over  B  is 
placed  the  dial-like  disk  C  in  fig.  3.  The  circles  inside  of  B 
represent  the  heads  of  copper  belt  rivets  (r  fig.  3,  D)  which 
are  driven  through  the  wood  base  of  the  switch  board  and 
fastened  by  the  copper  washer  (e).  The  rivets  are  arranged  in 
three  circles  divided  into  sectors  of  15  degrees.  The  rivet  heads 
are  spaced  in  such  a  way  that  their  centers  pass  through  the  radii 
of  these  sectors. 

C.    Fig.  3.    Battery  Switch  Detail 

This  is  the  top  dial  which  shifts  over  the  connections  indicated 
in  B.  It  is  made  of  wood,  half-inch  thick  and  fastened  to  B 
by  the  screw  in  the  center.  B  and  C  are  to  be  regarded  as  a 
number  of  switches  combined  in  such  a  way  that  a  single  shift 
of  C  will  make  and  break  a  whole  series  of  connections.  Thus 
when  C  is  set  at  "Charge"  the  battery  terminals  will  be  con- 
nected to  the  power  house  line  ready  for  charging;  the  automatic 
circuit  breaker  E  will  operate;  and  the  switch  H  will  make  it 
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C  Upper  Deal  of  Battery  Switch. 

D.  Form  of  connection  between  Band  C 

possible  to  read  the  amount  of  current  which  is  passing.  When 
C  is  set  at  "Discharge"  all  the  above  connections  are  broken. 
The  batteries  are  now  connected  in  series  instead  of  in  parallel 
and  the  switch  G,  for  reading  the  amperage  of  the  discharging 
current,  is  thrown  in. 

When  C  is  set  at  "Voltmeter**  the  switch  F  is  thrown  in  so 
that  the  voltages  of  the  battery  units  I,  II,  III,  can  be  read  suc- 
cessively. The  details  of  the  contact  construction  are  drawn  in 
D,  fig-  3-  Contact  is  made  through  the  pins  (p)  one  inch  long 
cut  from  No.  8  copper  wire.  These  pins  pass  loosely  through 
holes  drilled  in  C  and  are  held  in  contact  with  the  base  B  by 
bronze  springs  (f).  The  electrical  connections  indicated  by  the 
dotted  lines  on  C  are  made  through  these  springs.    The  springs 
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are  flat  >^  x  i^  inches  and  cut  from  No.  29  sheet  bronze, 
screwed  into  the  wood  by  wood  screws.  When  the  pin  (p)  is 
not  resting  on  the  rivet  (r)  it  runs  on  the  wood  base  and  is,  of 
course,  insulated  from  the  set  of  connections  which  is  in  opera- 
tion at  the  time. 

To  illustrate:  When  C  is  set  at  "Charge"  the  path  of  the 
current  is  from  the  terminal  7,  of  the  power  house  line;  through 
E  to  terminal  rivet  7  on  B ;  from  here  it  passes  through  the  pin  7 
on  C  into  the  bronze  contact  spring;  into  wire  indicated  by  dotted 
line  to  springs  i,  3,  5;  into  rivets  i,  3,  5,  to  battery  terminals  i, 
3,  5 ;  through  the  batteries  in  parallel  to  battery  terminals  2,  4,  6, 
on  B;  to  rivets  2,  4,  6;  through  pins  2,  4,  6,  on  C;  to  pin  12 
where  the  three  branches  are  again  united;  to  switch  H;  to 
rheostat  between  11  and  12;  and  finally  to  the  other  power 
house  terminal  8. 

D.    Fig.  3.    Drawing  showing  the  details  of  the  connections 

between  B  and  C 
E.    Fig.  2.    Automatic  Circuit  Breaker 

It  often  happens  that  the  current  supply  from  the  power  house 
is  shut  off  temporarily  while  the  batteries  are  being  charged.  The 
batteries  will  then  discharge  through  the  line  and  into  any  ma- 
chinery or  lamps  which  might  have  been  turned  on  before  the 
line  current  was  shut  off,  if  there  is  no  device  for  disconnecting 
the  batteries  from  the  line.  The  current  which  is  used  to  charge 
the  batteries  comes  in  through  7,  passes  through  the  iron  bar  (b) 
into  the  magnet  core  (m)  and  into  the  coil  of  the  magnet.  From 
here  it  passes  to  the  switch  board  B  and  C.  If  for  any  reason 
there  is  a  break  in  the  charging  current,  (m)  is  no  longer  mag- 
netic and  the  bar  (b)  is  pulled  away  from  the  core  (m)  leaving 
the  circuit  open.  This  device  is  especially  necessary  if  the  bat- 
teries are  charged  at  night  and  with  the  current  on  for  only  a 
part  of  the  night. 

F.    Fig.  2.    Battery  Voltage  Switch 

This  switch  is  for  reading  the  voltages  of  the  battery  sets  I, 
II,  III.  The  voltages  of  the  different  sets  are  read  independently. 
C  is  set  to  "Voltmeter"  and  the  connections  for  reading  the 
voltages  are  thus  made  ready.     By  moving  arm  (a)  to  I,  the 
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voltage  may  be  read  for  the  set  of  batteries  I ;  arm  to  II,  gives 
the  voltage  of  set  II,  etc.  The  voltmeter  is  connected  to  the 
terminal  (vt)  and  should  read  up  to  50  volts.  The  voltmeter 
may  be  set  up  at  any  convenient  point,  or  removed  for  making 
measurements  elsewhere,  without  disturbing  the  system.  The 
voltmeter  is  not  shown  in  the  drawing. 

G.    Fig.  2.    Battery  Amperage  Switch 

This  switch  is  for  reading  the  amperage  of  the  discharge  or 
battery  current.  It  is  arranged  so  that  an  ammeter  (not  shown) 
and  connected  to  the  terminals  (a,  t)  can  be  thrown  in  or  out 
without  interrupting  the  current  and  without  causing  a  spark. 
When  the  arm  (a)  is  shifted  to  lie  on  (c)  the  current  passes 
from  (c)  through  (a)  and  then  directly  to  10.  In  this  setting 
the  ammeter  is  thrown  out  and  may  be  removed  by  disconnect- 
ing at  (a,  t).  This  is  of  advantage  when  it  is  desirable  to  use 
the  ammeter  for  other  purposes.  When  arm  (a)  is  shifted  to 
(d)  the  current  passes  from  (c)  to  (a,  t)  through  the  ammeter; 
then  to  (d)  ;  then  to  (a)  and  then  to  10.  By  placing  (c)  and 
(d)  so  near  together  that  when  arm  (a)  is  shifted  from  one 
position  to  the  other,  there  is  an  instant  during  which  the  arm 
is  in  contact  with  both  (c)  and  (d),  no  spark  will  result  when 
shifting.  The  ammeter  should  read  to  at  least  five  amperes. 
This  switch  operates  when  C  is  set  at  "discharge." 
H.    Fig.  2.    Charging  Amperage  Switch 

This  switch  is  for  reading  amperage  of  charging  current  when 
connected  to  batteries.     Its  construction  is  practically  the  same 
as  that  of  G,  but  operates  only  when  C  is  set  at  "Charge." 
J.    Fig.  4.    Double-throw  Sliding  Switch 

When  this  switch  is  set  as  shown  in  the  drawing,  the  power 
house  current  from  7  passes  through  the  interrupter  disks  V  to 
magnets  of  tone  forks  W,  through  resistance  L  and  milli- 
ammeter  M  back  to  terminal  8  of  the  power  house  line.  When 
set  at  (c)  the  power  house  current  is  shut  off  and  the  battery 
current  from  9  to  10  passes  over  the  same  circuit. 

K.    Fig.  4.    Double-throw  Sliding  Switch 

This  switch  is  of  the  same  pattern  as  J  except  that  it  controls 
the  current  for  the  rotary  converter  R.    When  the  switch  is  set 
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at  (d),  the  converter  is  driven  by  the  power  house  current  7  and 
8;  when  set  at  (c)  it  is  driven  by  the  batteries  through  9  and  10. 

L.  Fig.  4.  Special  Resistance  Board 
It  is  desirable  to  have  control  of  the  current  passing  through 
the  magnets  of  the  tone  forks  W  and  preferably  of  each  fork 
separately.  However,  a  special  resistance  for  each  tone  fork 
circuit  requires  more  resistance  boards  than  are  usually  available. 
A  simple  resistance  board  was  made  as  follows:  Between  a 
board  running  around  the  base  of  the  room  and  another  board 
five  feet  from  the  floor,  about  300  feet  of  No.  22  iron  wire 
were  zigzagged  between  nails  about  two  inches  apart  At  the 
end  of  the  wire  coming  from  the  fork,  about  an  inch  of  tightly 
coiled  brass  spring  was  soldered.  This  coil  serves  instead  of  a 
binding  post  in  that  it  can  be  pinched  easily  onto  any  of  the  nails 
over  which  the  iron  resistance  wire  is  strung.  To  vary  the  re- 
sistance of  the  different  forks  it  is  only  necessary  to  pinch  the 
coiled  springs  on  the  wires  coming  from  each  fork,  at  different 
distances  from  the  end  of  the  resistance  wire.  By  this  method 
one  resistance  board  will  do  for  all  the  tone  forks. 

M.  Fig.  4.  Tone  Fork  Milliammeter 
This  is  a  Weston  Milliammeter,  Model  i,  reading  up  to  300 
milliamperes.  Its  use  is  primarily  to  indicate  variations  in  the 
current  passing  through  the  magnets  of  the  tone  forks  W.  A 
resistance  board  placed  between  L  and  M  makes  it  possible  to 
regulate  the  resistance  of  the  tone  fork  circuit  as  a  whole  so 
that  any  changes  in  the  current  strength  may  be  compensated. 
The  individual  forks  are  regulated  by  the  board  L,  but  when 
running  from  the  batteries  the  voltage  gradually  drops  and  it  is 
desirable  to  regulate  the  system  as  a  whole.  This  is  done  by 
keeping  the  milliammeter  readings  constant  by  the  use  of  the 
resistance  board  between  L  and  M.  The  Milliammeter  is  scaled 
to  two  milliamperes  and  even  very  slight  fluctuations  in  the  cur- 
rent strength  are  readily  noticed.  Slight  variations  up  to  10 
milliamperes  make  no  appreciable  difference  in  the  amplitude  of 
the  tone  forks,  and  the  milliammeter  makes  it  possible  to  make 
much  finer  adjustments  than  this. 
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N.    Fig.  4.    Resistance  Board 

Ward-Leonard  Electric  Company,   Bronxville,   N.   Y.,   No. 
443A  Wire  Dimmer  for  12-30,  16  c.  p.,  no  volt,  50  watt  lamps. 
This  is  only  for  coarse  adjustment  for  the  rotary  converter. 
O.    Fig.  4.    Resistance  Board 

This  board  serves  the  rotary  converter  R  and  contains  20  feet 
of  No.  22  iron  wire.  There  are  12  contact  points  and  this  means 
that  twelve  different  changes  in  current  strength  can  be  secured. 
The  type  of  connection  is  through  copper  rivets  and  a  sheet  brass 
arm  which  moves  over  the  heads  of  the  rivets.  Sparking  is 
avoided  by  placing  the  rivets  so  close  together  that  the  sliding 
contact  arm  is,  for  an  instant,  in  contact  with  two  rivets.  The 
same  principle  is  described  in  Switch  G. 

P.    Fig.  4.    Resistance  Board 

This  board  is  of  the  same  type  as  O.and  contains  24  feet  of 
No.  18  iron  wire  distributed  over  16  contacts. 
Q.    Fig.  4.    Resistance  Board 

This  board  is  of  the  same  type  as  O  and  contains  100  feet  of 
No.  20  iron  wire  distributed  over  26  contacts.  It  is  located  in 
the  experimental  room  and  enables  the  operator  to  control  the 
converter  from  the  room  in  which  the  tone  forks  are  located, 
without  going  into  the  converter  room. 

R.    Fig.  4.    Rotary  Converter 

Holtzer  Cabot  Electric  Company,  Boston,  Mass.,  Type  O.  D., 
Size  I,  500  watt,  volts  115/75,  amperes  7.5,  speed  1750  r.  p.  m., 
compound  wound.  This  converter  is  driven  by  direct  current 
and  it  generates  alternating  current  which  is  used  as  a  regulating 
load.  The  principle  involved  was  described  under  Final  Ap- 
paratus. The  rotary  converter  serves  as  a  motor  driving  the 
interrupter  disks  V  through  the  direct  connected  shaft  13. 
S.    Fig.  4.    Starting  Box 

Cutler-Hammer  Manufacturing  Company,  Milwaukee,  Wis., 
I  h.  p.,  1 10/125  volts.  This  is  a  standard  starting  box  arranged 
so  that  the  converter  is  started  gradually.  It  has  an  automatic 
circuit  breaker  which  will  break  the  circuit  if  for  any  reason 
the  source  of  current  supply  is  broken. 
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T.    Fig.  4.    Alternating  Current  Transformer 

Holtzer  Cabot  Electric  Company,  Boston,  Mass.  Primary  volts 
75 ;  secondary  volts  220.  Primary  amperes  7.3 ;  secondary  am- 
peres 2.3.  Frequency  60.  This  transformer  serves  a  double 
purpose.  First,  by  having  a  higher  voltage,  the  amperes  of  the 
alternating  current  are  decreased  and  the  heating  effect  of  the 
spark  made  by  the  regulating  fork  X  is  reduced ;  Second,  it  pre- 
vents the  direct  current  by  which  the  regulating  fork  is  driven 
from  passing  into  the  coils  of  the  alternating  current  end  of  the 
converter;  (s)  and  (p)  refer  to  the  secondary  and  primary  coil 
terminals  of  the  transformer. 

V.    Fig.  4.    Interrupter  Disks 

These  disks  were  made  by  Max  Kohl,  Chemnitz,  Germany, 
from  drawings  furnished  to  him.  They  are  made  of  brass  into 
which  have  been  inserted  into  round  holes,  hard  rubber  plugs 
which  break  a  direct  current  which  is  passing  from  the  disk 
into  a  contact  spring,  every  time  one  of  the  rubber  plugs  passes 
beneath  the  spring.  The  number  of  interruptions  will  depend 
on  the  number  of  hard  rubber  plugs  and  the  speed  of  the  disk. 

The  surface  upon  which  the  contact  spring  slides  is  ground 
smooth  and  the  diameters  of  the  rubber  plugs  have  been  selected 
in  such  a  way  so  that  they  are  equal  to  the  space  between  the 
plugs.  When  the  contact  spring  is  so  set  that  it  will  make  con- 
tact with  the  disk  at  the  center  of  the  plugs,  the  duration  of  the 
time  during  which  current  is  passing  through  the  magnets  of  the 
tone  forks  is  approximately  the  same  as  when  the  circuit  is  open. 
These  disks  are  mounted  on  the  axle  13  which  is  driven  by  the 
converter  R. 

The  springs  through  which  electrical  contact  is  made  are  of 
No.  30  sheet  bronze,  one-fourth  inch  wide  and  screwed  to  wood 
supports  as  shown  in  the  photog^raph  of  the  converter  room. 

Nos.  14,  15,  16,  17,  18,  19,  20,  are  the  disks  making  450,  400, 
350,  300,  250,  200,  150,  interruptions  per  second  respectively, 
when  the  converter  R  is  running  at  1500  r.  p.  m.  or  25  revolu- 
tions per  second. 

W.    Fig.  4.    Tone  Fork  Frame 

This  is  located  in  the  experimental  room  and  consists  of  a 
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heavy  cast  iron  ring  30,  one  and  one-fourth  inches  thick,  three 
and  ope-fourth  inches  wide  and  ten  inches  inside  diameter.  On 
this  the  tone  forks  21,  22,  23,  24,  25,  26,  27,  are  mounted  as 
shown  in  the  photograph,  by  drilling  holes  into  the  ring  and 
fastening  the  forks  into  these  holes.  The  metal  of  the  fork  must 
not  come  in  direct  contact  with  the  metal  of  the  ring,  or  sec- 
ondary tones  and  noises  will  result.  To  avoid  this  the  feet  of 
the  forks  are  wrapped  in  felt  sleeves  and  the  washers  and  nuts 
by  which  the  forks  are  fastened  into  the  ring  have  felt  washers 
placed  between  them  and  the  metal. 

The  ring  30  is  suspended  from  the  ceiling  by  a  rope  and  pulley 
which  allows  the  frame  to  be  lowered  to  a  convenient  height  for 
making  observations.  This  mode  of  mounting  also  permits  the 
forks  to  vibrate  with  great  amplitudes  without  giving  a  tone 
unless  the  resonators  are  placed  near  them.  Above  the  forks  the 
resonators  are  placed  which  produce  the  tones.  The  distance 
of  the  resonators  from  the  forks  can  be  read  off  on  a  millimeter 
scale  and  in  this  way  the  intensity  of  the  tone  is  measured.  The 
resonators  are  shown  in  the  photograph  of  the  Experimental 
Room  by  the  numbers  21  to  2y.  They  have  been  tuned  to  the 
same  periods  as  their  respective  forks.  The  vibration  rates  of 
these  forks  are  1.50,  200,  250,  300,  350,  400,  450.  The  inter- 
mittent currents  produced  by  the  interrupter  disks  V  pass 
through  the  magnets  of  these  forks.  When  running  properly 
the  period  of  the  interruptions  coincides  with  that  of  the  forks 
in  the  sense  that  the  fork  magnets  attract  the  prongs  of  the 
tuning  fork  only  at  those  instants  when  the  prongs  are  moving 
toward  the  magnet.  In  this  way  the  vibrations  are  maintained. 
The  amplitude  of  these  vibrations  is  controlled  by  the  resistances 
L  and  Z. 

X.    Fig.  4.    Regulating  Fork 

This  is  a  fork  made  by  Edelmann,  Munich,  having  a  period 
which  can  be  varied  from  36  to  55  vibrations  per  second  by 
means  of  sliding  weights.  It  is  electrically  driven  through  the 
contact  32.  Its  amplitude  is  controlled  by  the  4  c.  p.  carbon 
lamp  33.  To  reduce  the  spark  at  the  gap  32,  another  4  c.  p. 
carbon  lamp  34  is  placed  across  the  spark  gap  and  coil.     The 
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magnet  40  should  be  made  as  large  and  efficient  as  possible. 
Upon  the  constancy  of  this  fork  will  depend  the  constancy  of 
the  whole  system. 

While  for  ordinary  purposes  the  period  of  a  fork  can  be  con- 
sidered to  be  independent  of  the  amplitude,  this  is  actually  not 
the  case  with  a  magnetically  driven  fork.  The  variation  of 
period  is,  of  course,  not  very  great  but  when  all  the  tone  forks 
are  tuned  to  synchronize  with  the  regulating  fork,  the  slightest 
variation  will  influence  the  tone  forks  very  materially.  The 
variation  in  the  regulating  fork  is  multiplied  when  it  reaches  the 
tone  forks.  If  the  period  of  the  regulating  fork  is  changed  .2 
of  a  vibration  per  second  from  the  regular  period,  this  will 
amount  to  a  whole  vibration  per  second  for  the  tone  fork  250. 
This  means  that  the  electrical  impulses  which  reach  the  tone 
fork  250  actually  have  the  period  251  and  that  there  is  a  complete 
reversal  in  the  phase  of  the  magnetic  attraction  of  the  fork 
prongs  every  second.  This  is  sufficient  to  practically  silence 
the  fork  250. 

The  manner  in  which  the  regulating  fork  operates  is  as  fol- 
lows :  the  current  generated  by  the  alternating  current  end  of 
the  converter  passes  into  the  primary  coils  of  the  transformer  T. 
The  alternating  current  which  is  induced  in  the  secondary  coils 
passes  into  the  fork  and  is  interrupted  at  the  mercury  contact  35. 
The  alternating  current  does  not  pass  through  the  magnet  which 
drives  the  fork. 

During  each  revolution  of  the  converter,  the  alternating  cur- 
rent passes  through  two  maxima  and  minima  of  current  strength. 
If  the  fork  closes  the  circuit  when  the  phase  of  the  alternating 
current  is  at  its  minimum  strength,  no  load  will  be  thrown  on 
the  converter.  If  the  regulating  fork  closes  the  circuit  at  the 
instant  when  the  alternating  current  phase  is  at  its  maximum, 
either  negative  or  positive,  a  heavy  load  will  be  thrown  on  the 
converter  which  will  retard  its  speed.  If  the  driving  current 
of  the  converter  is  so  adjusted  that  it  is  just  barely  stronger  than 
necessary  to  make  the  alternations  of  the  converter  coincide  in 
period  with  the  vibrations  of  the  regulating  fork,  the  alternations 
of  the  converter  will  tend  to  overtake  the  vibrations  of  the  fork- 
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They  cannot,  however,  advance  very  much  because  the  magni- 
tude of  the  alternating  current  load  grows  rapidly  stronger  as 
the  phase  of  the  alternations  advances  over  the  period  of  the 
fork.  As  a  result  the  converter  will  "hunt"  a  point  at  which  the 
load  is  just  sufficient  to  keep  the  converter  in  step  with  the  fork. 
The  magnitude  of  the  load  which  is  used  to  regulate  the  speed 
of  the  converter,  is  controlled  by  the  resistances,  36,  37,  38.  A 
constant  load  36  made  of  two  8  c.  p.  carbon  lamps  is  introduced 
to  dampen  the  spark  formed  at  35  and  to  reduce  its  heat  and 
size.  They  also  serve  as  visual  indicators  as  to  whether  the 
carbons  at  the  alternating  current  end  of  the  converter  are 
making  continuous  contact.  The  light  should  bum  without  a 
flicker  even  when  the  converter  is  not  in  step  with  the  regulating 
fork.  If  the  lights  flicker  jerkily  this  means  that  the  carbons 
are  not  making  good  contact  on  the  collector  rings,  and  need 
to  be  sand-papered  or  adjusted. 

As  we  are  at  present  using  the  fork,  it  is  regulating  only  half 
the  number  of  times  that  it  might  regulate.  If  we  had  a  contact 
point  on  each  prong  of  the  fork  the  vibrations  of  the  fork  would 
correspond  to  half  cycles  of  the  alternating  current.  With  the 
fork  equipped  with  two  contact  points  and  running  in  step  with 
the  alternating  current  cycles,  if  one  contact  comes  at  the  posi- 
tive maximum  the  other  will  come  at  the  negative  maximum.  If 
one  of  the  contacts  is  at  zero  the  other  will  be  at  zero.  As  we 
have  it  now,  the  fork  makes  contact  only  at  such  parts  of  the 
alternating  current  cycle  which  are  of  the  same  sign.  Notwith- 
standing this  apparent  loss  in  not  utilizing  all  the  regulating 
capacity  of  the  fork,  my  experience  has  shown  that  it  still  works 
better  with  a  single  contact  point  in  mercury  than  with  two  con- 
tact points  on  opposite  sides  of  the  same  prong  which  then  neces- 
sarily must  act  on  solid  metal."  This  is  probably  due  to  the  fact 
that  the  interruptions  at  the  spark  gap  are  more  complete,  thus 
bringing  about  a  greater  difference  in  potential.  The  alternating 
current  load  actually  lasts  longer  than  the  instants  during  which 

*  I  have  Dot  tried  using  a  contact  on  each  prong,  both  contacts  dipping  into 
mercury.  Thus  far  it  has  not  been  found  necessary,  but  with  sounding  forks 
of  considerably  higher  frequency  than  those  we  have  been  using  (say  above 
500  double  vibrations)  it  may  be  advisable  to  do  so. 
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the  contact  point  is  dipping  into  the  mercury,  due  to  the  cohesion 
of  the  mercury  to  the  contact  point  after  contact  is  once  made, 
and  especially  to  the  conductivity  of  the  spark  gap  itself  caused 
by  the  ionization  of  the  gases  and  oil. 

With  a  double  contact  on  solid  metal  and  the  tnaximal  effective 
distance  of  the  contact  points  then  reduced  to  one-half  of  the 
amplitude  of  the  fork,  the  load  may  be  prolonged  to  nearly  half 
a  cycle  so  that  any  change  in  the  speed  of  the  generator  would 
no  longer  be  accompanied  by  a  change  in  load. 

In  the  alternating  current  circuit  which  passes  through  the 
mercury  contact  at  35,  there  is  a  resistance  board  37  made  up 
of  120  feet  of  No.  27  German  silver  wire,  distributed  over  24 
contacts.  After  the  apparatus  was  running  properly  it  was 
found  that  a  constant  resistance  of  two  16  c.  p.  carbon  lamps 
at  38  was  sufficient,  and  the  resistance  37  was  then  taken  out 
and  used  to  regulate  the  general  resistance  of  the  tone  forks 
between  L  and  M. 

A  4  c.  p.  carbon  lamp  39  is  placed  in  the  experimental  room 
and  enables  the  experimenter  to  determine  whether  the  converter 
is  running  properly.  When  this  lamp  fluctuates  in  brightness, 
the  converter  is  running  out  of  step  with  the  regulating  fork. 
When  it  burns  brightly  this  means  that  the  alternating  current 
load  is  stronger  than  necessary.  The  resistance  board  Q  which 
controls  the  driving  current  of  the  converter  being  located  in 
the  same  room,  it  is  easy  to  regulate  the  converter  from  the  ex- 
perimental room.  A  little  practice  is  necessary  to  interpret  the 
character  of  the  glow  in  39  properly.  When  the  converter  is 
running  properly,  the  lamp  39  will  glow  dull  red  and  fairly 
steady.  If  it  goes  out  entirely  this  means  that  there  is  no  reg- 
ulating load  on  the  converter.  If  the  converter  is,  nevertheless, 
in  synchronism  this  means  that  the  driving  current  is  just  strong 
enough  to  drive  the  converter  in  step  with  the  regulating  fork. 
The  light  is  really  an  index  of  the  conditions  at  the  spark  gap  35. 
Y.    Fig.  5.    Mercury  Level  Regulator 

In  order  that  the  period  of  the  regulating  fork  be  kept  con- 
stant from  day  to  day,  it  is  necessary  that  the  extent  to  which 
its  contact  point  dips  into  the  mercury  remain  constant.     This 
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would  be  a  simple  matter  if  the  mercury  were  not  splashed  about^ 
but  to  get  the  best  control  it  is  necessary  that  the  point  be  blimt 
so  that  it  will  make  and  break  suddenly.  Such  a  point,  however, 
chums  up  the  mercury  into  an  emulsion  of  coal  oil  and  mercury. 
If  this  is  not  removed  it  gets  between  the  contact  point  and  the 
mercury  surface  and  the  electrical  contact  becomes  irregular.  If 
the  surface  of  the  exposed  mercury  is  too  large,  the  contact  of 
the  fork  will  set  up  stationary  waves.  In  the  nodes  of  these 
waves  the  mercury  emulsion  accumulates  and  gradually  crowds 
around  the  contact  point. 

If  the  mercury  surface  is  made  so  small  that  no  stationary 
waves  will  form,  the  emulsion  will  be  thrown  off  but  the  level 
of  the  mercury  will  change  so  rapidly  that  the  period  of  the  reg- 
ulating fork  may  change  sufficiently  during  an  experimental 
series  to  require  a  retuning  of  the  tone  forks.  A  limited  amount 
of  the  emulsion  is  a  good  thing  because  it  reduces  the  splashing 
of  the  mercury,  but  unless  the  excess  is  constantly  and  auto- 
matically removed,  contact  difficulties  and  change  in  period  of 
the  regulating  fork  will  appear. 

The  device  drawn  in  figure  5  automatically  takes  care  of  the 
mercury  level  and  the  amount  of  the  emulsion. 

The  cup  into  which  the  contact  point  of  the  fork  dips  is  shown 
at  35.  Its  shape  is  as  indicated, — a  shallow  cup  into  which  the 
mercury  is  fed  through  the  passage  indicated  by  the  stippling. 
At  (b)  and  (c)  are  upright  tubes  communicating  with  each  other 
and  the  mercury  cup  35.  The  mercury  is  added  to  the  tube  (c) 
from  the  reservoir  of  mercury  at  (r).  The  tube  (b)  carries  an 
iron  weight  (w)  which  floats  on  the  mercury.  Any  change  in 
the  level  of  the  mercury  in  the  cup  35  will  either  raise  or  lower 
the  weight  (w).  To  this  weight  is  attached  a  fine  wire  (d) 
which  acts  on  the  light  bronze  lever  (e).  This  wire  is  insulated 
from  (e)  by  making  part  of  its  length  out  of  thread.  When  the 
mercury  level  at  35  is  lowered  the  weight  (w)  sinks  and  thus 
raises  the  lever  (e)  until  it  makes  contact  with  the  plate  (f). 
As  soon  as  contact  is  made  at  (f)  an  electric  current  passes 
through  (e)  to  (g),  then  to  (h)  and  through  (i)  to  the  coils 
of  the  magnet  (j)  which  raises  (h)  from  the  contact  (g)  and 
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v: 

l1 


Method  by  which  the  level  in  the  mercury  contact 
CUP  WAS  maintained  constant. 

breaks  the  circuit.  When  (h)  drops  back  to  (g)  the  cycle  is 
repeated  for  as  long  a  time  as  (e)  is  in  contact  with  (f).  To 
the  arm  (h)  is  pivoted  the  needle  valve  stem  (1)  which  dips  into 
the  mercury  reservoir  and  opens  and  closes  the  opening  in  (m). 
Every  time  (h)  is  raised,  (1)  is  raised  off  the  valve  seat  in  (m) 
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and  a  drop  of  mercury  escapes  into  the  glass  tube  (n)  and  into 
the  tube  (c).  When  the  mercury  droplet  reaches  (c)  it  raises 
the  level  of  (c)  and  also  (b)  and  of  cup  35.  When  the  level 
of  (b)  is  raised  the  weight  (w)  moves  upward  and  in  so  doing 
the  lever  (e)  is  depressed  and  the  connection  between  (e)  and 
(f)  broken.  All  of  this  happens  much  more  quickly  than  can 
be  described. 

The  sensitivity  of  the  change  in  level  will  depend  upon  the 
relative  lengths  of  the  lever  arms  in  (e).  In  the  apparatus  under 
discussion,  the  relation  is  about  i  to  20  and  the  break  between 
(f)  and  (e)  is  rarely  more  than  a  millimeter.  This  represents 
a  change  in  the  level  of  the  mercury  of  about  .05  mm.,  a  change 
so  small  that  it  cannot  be  detected  in  the  load  circuit. 

After  a  drop  of  mercury  has  been  added  and  the  contact  be- 
tween (e)  and  (f)  is  broken,  the  excess  of  emulsion  formed  at 
35  is  gradually  thrown  over  the  rim  of  the  cup  and  collects  in  the 
bottom  of  the  tank  where  it  lies  until  a  considerable  amount  has 
collected.  This  emulsion  has  a  large  percentage  of  mercury  in  it 
which  can  be  reclaimed  by  gradually  drying  the  emulsion  over  a 
radiator  or  gentle  source  of  heat. 

All  parts  which  come  into  contact  with  either  the  mercury  or 
the  emulsion  are  made  of  iron  or  glass  as  mercury  forms  an 
amalgam  with  most  of  the  metals  found  in  the  laboratory. 

The  tank  into  which  the  mercury  cup  is  placed  is  made  of 
sheet  iron  and  the  tubes  (b,  c,  35)  are  kept  in  place  by  being 
imbedded  in  plaster  of  paris. 

During  operation  the  tank  is  filled  with  running  coal  oil  to 
prevent  heating  and  oxidation  of  the  contact  metals  (iron  and 
mercury)  at  35.  This  oil  drains  off  through  the  tube  (s)  into 
a  collecting  vessel.  The  top  of  the  tube  (s)  is  threaded  and  has 
a  pipe  coupling  loosely  screwed  on  so  that  the  level  at  which 
the  oil  stands  can  be  easily  varied.  The  oil  which  drains  off 
is  rather  dirty  and  has  a  considerable  amount  of  free  carbon  in 
suspension.  This  is  due  to  the  electric  spark  at  35  which  decom- 
poses the  coal  oil.  Before  being  used  again  the  oil  is  run  through 
the  sand  filter  shown  in  the  photograph,  where  these  impurities 
are  filtered  out. 
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The  plate  (f )  is  made  of  bronze  and  is  grooved  so  that  it  can 
be  moved  up  and  down  for  adjustment.  The  height  of  the  mer- 
cury level  is  regulated  at  this  plate  before  an  experiment  or  series 
of  experiments  is  begun.  If  the  iron  contact  point  does  not  dip. 
into  the  mercury  enough,  the  regulating  load  is  too  small.  If 
the  iron  point  dips  in  too  much  the  load  is  so  great  that  the  varia- 
tions in  the  load  are  too  small.  The  mercury  level  is  so  adjusted 
by  moving  the  plate  up  or  down  that  when  the  motor  is  in 
synchronism  with  the  regulating  fork  the  filaments  of  the  carbon 
lamps  38  glow  a  cherry  red.  After  the  level  of  (f)  has  been 
adjusted  the  device  will  maintain  the  mercury  level  at  a  constant 
distance  from  the  iron  point  for  many  days  or  even  weeks,  until 
an  appreciable  amount  of  the  iron  point  has  been  consumed  by 
the  spark.*"^ 

Z.    Fig.  4.    Lamp  Resistance  for  Tone  Forks 

This  is  an  ordinary  lamp  bank  except  that  the  lamps  are  not 
connected  in  parallel.  There  is  one  lamp  socket  for  each  fork 
and  since  this  is  only  a  rough  adjustment  4  or  8  c.  p.  lamps  will 
serve. 

Tone  Fork  Magnets 

If  the  magnets  of  the  tone  forks  are  properly  made,  they  do 
not  require  a  great  deal  of  current  to  drive  them  at  the  desired 
amplitude.  The  current  never  exceeds  one-fourth  ampere  and 
one-eighth  ampere  is  usually  sufficient.  The  magnets  should  be 
as  wide  as  the  spread  of  the  forks  will  permit.  The  iron  core 
should  be  heavy,  at  least  one-half  inch  in  diameter  and  the 
diameter  of  the  coil  should  not  be  less  than  two  inches.  The 
wire  used  should  be  about  No.  30  magnet  wire,  wound  carefully 
so  as  not  to  get  short  circuits.  Lamps  alone  are  hardly  a  fine 
enough  adjustment,  for  controlling  the  amplitudes  of  the  forks. 
The  finer  adjustment  is  made  at  the  rheostat  L. 

4.    Method  of  Controlling  Phase 

Since  the  experimental  work  reported  in  this  paper  does  not 
make  especial  use  of  the  phase  relations  between  the  tones  used,  a 

^  The  mercury  cup  in  the  photograph  showing  tht  Regulating  Fork  is  only 
a  preliminary  cup  which  was  used  before  tlic  mercttry  level  regulator  had 
been  completed. 
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complete  description  and  mechanical  drawings  of  this  part  of  the 
sound  intensity  apparatus  will  be  given  when  an  experiment  in 
which  phase  relations  play  a  more  important  part  will  have  been 
performed.  However,  a  general  outline  of  how  we  expected  to 
secure  and  control  any  phase  relations  which  we  had  anticipated 
might  become  an  object  for  experimental  investigation,  may  be 
of  interest.  The  mechanical  principles  which  we  expected  to 
use  were  the  following. 

1.  The  interrupter  disks,  when  the  contacts  are  once  adjusted, 
give  tones  whose  phase  relations  remain  the  same. 

2.  A  moving  contact  which  rotates  or  oscillates  on  the  face 
of  the  interrupter  disk. 

3.  Electro-magnetically  controlled  shutters  which  open  and 
close  the  resonators  so  that  only  the  particular  phase  relations 
which  are  to  be  studied  are  presented. 

I.  The  interrupter  disks  referred  to  have  been  described  under 
V  of  the  Details  of  Apparatus  Parts.  In  the  experiment  which 
follows,  it  was  only  necessary  to  establish  the  fact  that  all  the 
forks  were  vibrating  in  the  same  phase.  The  contacts,  as  shown 
in  the  photograph  of  the  converter  room,  can  only  be  adjusted 
so  as  to  increase  or  decrease  the  pressure  on  the  disk.  The  phase 
was  adjusted  by  loosening  the  set  screw  which  held  the  disk  onto 
the  shaft  and  rotating  the  disk  the  required  amount.  To  set  all 
the  forks  in  the  same  phase,  the  disks  were  so  adjusted  that  all 
the  resistance  lights  in  series  with  the  magnets  of  the  tone  forks 
(Lamp  resistance  Z,  Fig.  4)  lit  up  simultaneously  when  the  in- 
terrupter shaft  13  was  slowly  moved  by  hand. 

Where  it  is  necessary  to  change  the  phase  by  a  measurable 
amount  a  finer  adjustment  was  contemplated.  The  bearing  of 
the  shaft  13  has  a  metal  segment  of  an  arc  attached  to  the  sup- 
ports as  shown  in  the  photograph.  Upon  this  segment  a  radial 
arm  (also  shown)  may  be  clamped.  The  arm  carries  the  con- 
tact spring  and  it  may  be  regarded  as  one  of  the  radii  of  the 
segment  since  they  both  have  their  virtual  centers  in  the  center 
of  the  interrupter  shaft. 

A  micrometer  screw  arrangement  clamps  on  to  the  segment 
and  acts  on  the  radial  arm.    The  amount  of  phase  displacement 
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of  the  contact  point  is  derived  from  the  angular  displacement 
of  the  contact  point.  To  calculate  this,  it  is  necessary  to  know 
the  pitch  of  the  micrometer  screw,  the  length  of  the  radius  at 
which  the,  screw  acts  on  the  radial  arm  and  the  number  of  con- 
tacts the  disk  makes  in  one  complete  revolution.  Where  it  is 
desired  to  study  the  phase  comparatively,  the  foregoing  degree 
of  adjustment  is  adequate,  but  where  it  is  necessary  to  pass 
quickly  from  one  phase  adjustment  to  another,  or  where  it  is 
desirable  to  have  one  fork  slowly  changing  its  phase  relative  to 
another  fork  (floating  phase)  the  manual  method  of  phase  dis- 
placement should  be  replaced  by  some  mechanical  method. 

2.  We  contemplated  doing  this  as  follows :  running  parallel 
to  the  interrupter  shaft  we  have  an  auxiliary  shaft  (not  shown 
in  photograph)  which  is  driven  by  the  interrupter  shaft  through 
a  worm  (which  appears  in  the  photograph  as  the  extreme  end 
of  the  shaft)  and  worm-wheel  and  bevel  gears.  It  rotates  at 
one  hundredth  the  rate  of  the  interrupter  shaft  The  auxiliary 
shaft  carries  an  arbor  pulley  into  which  may  be  fastened  sprocket 
wheels  of  various  diameters.  These  sprocket  wheels  may  be 
turned  of  wood  with  short  nails  driven  into  the  periphery  to  act 
as  sprockets  for  the  links  of  a  light  driving  chain. 

A  similar  arbor  pulley  to  which  is  fastened  a  radial  arm  and 
contact  point,  rotates  around  the  interrupter  shaft.  By  selecting 
the  sprocket  wheels  of  the  proper  diameters,  the  rotating  contact 
may  be  made  to  furnish  interruptions  for  a  tone  which  differs 
by  only  a  slight  fraction  of  a  vibration  from  the  tone  which  is 
derived  from  the  disk  when  the  contact  is  fixed. 

Where  it  is  desirable  to  have  only  a  partial  phase  displacement 
an  eccentric  is  attached  to  the  auxiliary  shaft  and  this  is  con- 
nected to  the  radial  arm  carrying  the  contact  which  will  now 
no  longer  rotate  completely  around  the  disk,  but  will  oscillate 
back  and  forth  between  whatever  angular  limits  the  conditions 
demand.  This  may  be  used  to  study  the  critical  points  in  a 
sound  wave®  (inflection  points,  relative  maxima  and  minima  of 
compound  waves,  etc.). 

« The  credit  for  the  recognition  of  the  need  of  sound  experiments  ^A 
controlled  phase  is  Dr.  Meyer's  who  has  long  been  interested  in  determining 
experimentally  whedier  we  hear  all  that  a  Fourier  analysis  of  a  compound 
sound  wave  reveals,  or  wlietiher  we  hear  more,  or  what  it  does  not  reveal. 
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3.  In  order  to  make  it  possible  to  present  the  tones  for  ob- 
servation when  they  are  at  exactly  the  phase  relations  desired, 
an  electro-magnetic  control  of  the  resonator  shutters  was  con- 
templated. This  control  was  to  originate  from  contacts  suitably 
disposed  on  the  auxiliary  shaft.  In  this  connection  it  may  be 
well  to  draw  attention  to  the  fact  that  the  auxiliary  shaft  is  well 
adapted  to  chronoscopic  functions  by  which  the  tones  may  be 
presented  in  any  order.  As  already  indicated  the  ratio  of  the 
revolutions  between  the  interrupter  shaft  and  the  auxiliary  shaft 
is  as  I  :  100.  The  interrupter  shaft  rotates  at  the  rate  of  25 
revolutions  per  second  which  gives  the  auxiliary  shaft  one  revo- 
lution in  four  seconds. 

By  means  of  toothed  wheels  whose  teeth  are  spaced  to  produce 
the  required  duration  and  alternation  of  the  intervals,  the  times 
at  which  the  various  shutters  of  the  resonators  are  opened  and 
closed  may  be  compounded  into  almost  any  kind  of  a  series. 
Another  advantage  lies  in  the  fact  that  the  timing  device  is  al- 
ways in  s)aichronism  with  the  sound  producing  system. 
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II.    EXPERIMENTS  ON  THE  RELATIVE  INTENSITY 
OF  SUCCESSIVE,  SIMULTANEOUS,  ASCEND- 
ING AND  DESCENDING  TONES 

What  has  preceded  seems  to  deal  with  the  physical  principles 
of  constant  rotation  and  of  tone  production  rather  than  with 
the  psychological  properties  of  tones.  However,  in  psychology 
as  in  the  other  sciences  the  time  has  passed  when  it  is  possiWc 
to  perform  fruitful  experiments  on  new  problems  with  apparatus 
that  was  designed  for  other  problems  and  that  is  now  listed  in 
the  catalogs  of  dealers  in  psychological  apparatus. 

When  the  apparatus  had  been  developed  to  the  point  at  which 
it  seemed  profitable  to  begin  the  psychological  experiments  for 
which  it  had  been  designed,  it  was  decided  to  begin  with  the 
simplest  of  tone  intensity  problems.  This  seemed  to  be  the  in- 
fluence of  the  method  of  presentation  upon  the  intensity  relations 
between  tones.  At  the  close  of  the  experiment  the  "simplicity" 
was  decidedly  less  simple  than  it  appeared  to  be  at  the  beginning. 

The  reason  why  it  was  necessary  to  restrict  the  experiment 
to  the  relative  intensity  instead  of  working  with  absolute  in- 
tensities and  then  from  these  deriving  the  relative  values,  was 
mainly  due  to  the  fact  that  no  absolute  standard  which  could  be 
used  was  available.  The  Bureau  of  Standards  at  Washington 
does  not  furnish  a  tone  of  unit  intensity  which  may  be  used  as 
a  standard.  Professor  A.  G.  Webster  has  defined  a  standard 
of  tone  intensity  but  to  calibrate  the  intensities  used  in  this  ex- 
periment in  terms  of  this  standard  would  require  an  interfero- 
meter and  a  degree  of  technical  skill  in  the  manipulation,  which 
would  require  months  to  develop.  A  simpler  device  is  needed. 
The  writer  hopes,  in  the  near  future,  to  design  an  electrically 
driven  fork  which  may  be  used  as  a  standard  for  tone  intensities 
which  will  be  suitable  for  psychological  laboratories  and  adapted 
to  the  needs  of  psychologists  rather  than  the  needs  of  the 
physicists.  The  situation  in  audition  at  the  present  time  is  sim- 
ilar to  the  situation  which  prevailed  in  vision  before  photometric 
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measurements  had  attained  the  perfection  and  simplicity  which 
they  now  possess.  Some  kind  of  a  standard  of  tone  intensity 
must  be  devised.  At  first,  as  in  vision,  this  will  be  some  indi- 
vidual's standard  but  as  interest  in  the  subject  develops,  more 
fundamental  standards  will  be  developed. 

I.  Historical  Setting 

The  references  in  the  literature  to  tone  intensity  are  mainly 
restricted  to  simple  experiments  where  loud,  medium  and  weak 
represent  the  nearest  approach  toward  intensity  control. 

Such  experiments  as  have  been  made  are  rather  simple  and 
were  performed  not  to  investigate  the  intensity  relations  between 
tones  so  much  as  to  illustrate  some  phase  of  the  writer's  main 
thesis,  be  this  in  music  or  some  of  the  other  attributes  of  tones. 
For  this  reason  no  exhaustive  attempt  will  be  made,  in  this  paper, 
to  collect  the  scattered  references  to  tone  intensity.  Such  a  task 
is  a  problem  in  itself  and  one  for  which  the  library  facilities 
must  be  wider  than  those  which  are  now  available  to  the  writer. 

The  facts  which  have  impressed  the  writer  most  in  his  search 
through  the  literature  can  best  be  described  by  a  quotation  from 
Lord  Rayleigh.^  "In  default  of  decisive  experiments  (on  tone 
intensity)  we  must  endeavor  to  balance  the  a  priori  probabilities 
of  the  case."  Again,  "What  is  most  wanted  at  the  present  time 
is  a  better  reckoning  of  the  itensities  of  the  various  tones  dealt 
with  and  observed." 

Helmholtz^  introduces  the  problem  of  tone  intensity  by  point- 
ing out  that  the  intensity  of  a  tone  increases  and  diminishes  with 
the  amplitude  of  the  oscillations  of  the  sounding  body.  While 
numerous  references  are  made  to  tone  intensities  throughout  his 
extensive  treatise,  he  did  not  perform  experiments  in  which  the 
intensities  of  tones  was  the  cardinal  consideration. 

Seebeck*  concluded  that  when  a  musical  tone  was  compounded 
of  several  simple  tones,  part  of  the  intensity  of  the  upper  con 
stituents  went  to  increase  the  intensity  of  the  prime  tone  with 

1  Theory  of  Sound,  vol.  II,  pp.  461,  469. 

*  Sensations  of  Tone.    Transl.  by  A.  J.  Ellis.    Second  Engl.  Edition,  p.  10. 

«  Poggendorf s  Annalen  der  Physik.     Vol.  60. 
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which  it  fused  so  that  at  most  a  small  remnant  excited  in  the  ear 
the  sensations  of  an  upper  partial  tone. 

Stumpf*  describes  an  experiment  originally  reported  by  Ohm.* 
When  a  tone  and  its  octave  are  simultaneously  bowed  on  a  violin 
and  the  lower  tone  is  suddenly  dropped  out,  the  remaining  high 
tone  seems  to  become  stronger,  and  when  the  higher  tone  is 
dropped  out  the  lower  tone  becomes  noticeably  weaker.  Seebeck 
in  commenting  on  the  same  experiment  concludes  from  this  that: 
tones  when  present  even  in  considerable  intensity  can  scarcely  be 
heard  as  soon  as  the  lower  harmonic  tone  is  added,  but  they  do 
add  to  the  intensity  of  the  lower  harmonic. 

The  experiments  reported  in  this  paper  support  Seebeck's  law 
but  with  the  relatively  pure  tones  which  were  used,  the  effect  is 
not  nearly  so  pronounced  as  intimated  by  Ohm  and  Seebeck. 

2.  Statement  of  the  Problem 
Since  no  report  on  extended  experiments  in  sound  intensity 
is  known  to  the  writer,  and  since  all  theoretical  interpretation 
of  auditory  phenomena  must  eventually  consider  the  intensity 
relations  between  sounds,  it  was  thought  best  to  begin  with  the 
simple  phenomena  of  tone  presentation. 

At  the  present  time  an  experiment  in  vision  which  disregarded 
the  facts  of  adaptation  would  not  be  attempted.  We  know  now 
that  the  colors  and  brightnesses  which  we  shall  see,  will  depend 
largely  upon  the  other  colors  and  brightnesses  that  we  are  now 
seeing  or  have  just  seen.  By  this  it  is  not  implied  that  auditory 
reactions  exhibit  adaptation  phenomena  of  the  same  character 
as  that  of  vision.  We  simply  know  nothing  about  it.  It  is, 
however,  important  that  we  should  know  what  to  expect  when 
tones  are  presented  in  different  ways. 

Of  the  various  ways  in  which  tones  may  be  presented,  four 
will  be  made  the  subject  of  this  experiment. 

1.  Successive,  or  alternate  tones. 

2.  Simultaneous,  or  tones  sounding  together. 

3-  Ascending,  or  varying  from  weak  to  strong. 

4-  Descending,  or  varying  from  strong  to  weak. 

*  Tonpsychologie.    Vol.  i,  p.  241. 

^  Poggendorf s  Ann.  d.  Physik.    Vol.  47. 
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From  these  four  methods  of  presenting  tones,  four  experi- 
mental series  may  be  made  up  as  follows : 

1.  Successive  Ascending. 

2.  Successive  Descending. 

3.  Simultaneous  Ascending. 

4.  Simultaneous  Descending. 

In  investigating  the  intensity  relations  presented  in  this  way, 
it  was  decided  to  use  the  method  of  Supra-liminal  Increments. 
This  method  requires  a  great  deal  of  time  and  the  results  cannot 
be  represented  so  easily  nor  so  clearly  as  by  the  method  of  Right 
and  Wrong  cases.  However,  to  use  the  latter  method  effectively 
it  is  necessary  to  predict  the  probable  limits  within  which  the 
phenomena  to  be  investigated  will  occur.  The  method  of  Supra- 
liminal Increments,  thus  in  this  sense  is  a  necessary  preliminary 
step.  For  this  reason  it  was  used  in  these  experiments.  To 
verify,  by  the  method  of  Right  and  Wrong  cases,  the  results  of 
this  experiment,  is  the  logically  following  step  in  the  experi- 
mental program. 

3.  Method  of  Experimentation  and  Observation 
The  tones  throughout  this  experiment  are  produced  by  reso- 
nators hung  over  vibrating  tuning  forks.  A  guide  on  which  the 
resonator  runs,  makes  it  possible  to  easily  vary  the  distance  be- 
tween it  and  the  prongs  of  the  fork.  A  shutter  covered  with 
felt  runs  with  the  resonator.  The  shutter  moves  in  a  lateral 
direction  and  opens  and  closes  the  mouth  of  the  resonator,  thus 
starting  and  stopping  the  tone.  The  tone  fork  vibrates  contin- 
uously, but  being  mounted  on  a  rigid  frame  which  is  suspended 
from  the  ceiling  by  a  rope,  it  cannot  set  into  vibration  any  con- 
siderable surface  of  air  and  as  a  consequence  it  remains  inaudible 
at  the  distance  it  is  placed  from  the  observer. 

The  resonators  are  counter-balanced  so  they  will  remain  at 
whatever  position  they  are  placed.  Each  resonator  may,  how- 
ever, be  connected  with  a  little  crank  in  the  arm  of  the  chair  in 
which  the  observer  sits,  enabling  the  observer  himself  to  change 
the  position.* 

«  The  details  may  be  traced  out  in  the  photographs  showing  the  Tone  Fork 
Frame  and  the  Experimental  Room. 
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When  resonators  are  used  as  a  source  of  sound,  the  tones 
seem  to  be  purer  than  the  tones  secured  from  the  forks  when 
they  are  mounted  on  their  own  resonance  boxes,  and  they  are 
much  purer  than  when  the  fork  vibrations  are  conducted  to  the 
ears  by  means  of  tubes.  The  intensity  of  the  resonator  tone  is 
somewhat  illusory  in  that  it  seems  weak  when  compared  with 
ordinary  sounds  such  as  walking,  talking,  moving  about,  which 
are  constantly  occurring  near  class  rooms.  But  when  attention 
is  directed  to  the  resonator  tone  it  can  easily  be  discriminated 
out  of  a  complex  of  sounds  which  seem  to  have  a  much  greater 
intensity. 

The  two  observers  in  this  experiment  were  the  writer  (Obs. 
A.)  and  his  wife  (Obs.  B.).  Obs.  A  has  worked  with  tones  for 
a  number  of  years,  especially  under  the  conditions  found  in 
psychological  laboratories.  Obs.  B.  has  had  some  training  in 
the  laboratory  and  in  general  psychology,  and  considerable  train- 
ing in  music. 

It  was  hoped  that  a  greater  number  of  observers  might  have 
been  used,  but  it  was  necessary  to  conduct  the  experiments  at 
night  and  until  the  mercury  level  regulator  had  been  perfected 
so  many  interruptions  occurred,  and  series  had  to  be  repeated 
so  often  that  the  writer  did  not  feel  free  to  ask  other  observers 
to  sacrifice  their  evenings  for  about  a  month.  Furthermore, 
making  intensity  judgments  requires  a  considerable  amount  of 
preliminary  practice  before  they  become  constant  enough  to  use 
in  an  experiment  such  as  the  one  being  conducted.  Mrs.  Weiss 
and  the  writer  alternated  as  experimenter  and  observer.  After 
a  short  time  Mrs.  Weiss  was  able  to  control  the  apparatus  quite 
as  well  as  myself. 

The  writer  wishes  to  state  here  specifically  what  has  been  im- 
plied in  other  places,  namely,  that  this  set  of  experiments  is  pre- 
liminary in  character  to  a  mor^  extensive  program  of  soimd 
intensity  investigation.  When  laws  are  to  be  merely  verified  and 
the  probable  limits  are  quite  well  known,  extensive  experiments 
with  many  observers  are  necessary,  but  for  problems  dealing 
with  the  fundamental  attributes,  intensive  rather  than  extensive 
experimentation  is  of  greater  value  at  first. 
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In  this  experiment  the  four  tones  150,  200,  250,  300,  were 
used.  Each  of  the  tones  was  presented  in  ten  intensities,  which 
ranged  from  a  weak  which  could  be  heard  easily  when  sounding 
alone,  to  a  strong  which  was,  however,  not  so  loud  as  to  be  an- 
noying. When  a  tuning  fork  tone  is  very  strong  it  has  a  sort 
of  "boom"  to  it  which  is  distracting  in  intensity  judgments.  The 
ten  intensities  used  can  be  described  best  by  saying  that  the 
greatest  and  weakest  intensities  were  well  within  the  limits  of 
the  intensities  to  which  we  ordinarily  attend.  The  loudest  tone 
was  not  particularly  loud,  nor  the  weakest  tone  particularly 
weak.  Between  these  limits  were  interpolated  eight  other  in- 
tensities, making  ten  in  all. 

These  intensities  were  measured  on  a  millimeter  scale  placed 
so  as  to  indicate  the  distance  of  the  mouth  of  the  resonator  from 
the  tuning  fork  prongs.  The  resonator  was  so  placed  that  a  line 
passing  through  the  center  of  the  mouth  would  pass  midway 
between  the  prongs  of  the  fork,  at  right  angles  to  the  axis  of 
the  fork. 

In  a  preliminary  series  on  the  limens  of  intensities,  it  was 
found  that  equal  steps  on  the  millimeter  scale  do  not  represent 
equal  differences  in  intensity.  This  was,  of  course,  expected 
since  the  energy  of  a  vibrating  system  is  with  approximation 
inversely  proportional  to  the  square  of  the  distance.  The  scale 
between  the  limiting  intensities  was  not  divided  into  eight  equal 
parts,  but  into  eight  steps  derived  from  squaring  a  constant  value. 
Thus,  it  was  decided  to  take  the  strongest  tone  with  the  150 
resonator  at  about  15  mm.  from  the  fork;  the  weakest  intensity 
at  about  75  mm.  It  was  necessary  to  have  a  series  made  up  of 
more  than  ten  steps  because  equal  intensities  for  the  different 
forks  are  not  found  at  equal  distances.  In  other  words  when 
the  resonator  of  fork  150  was  at  50  mm.  it  did  not  give  a  tone 
of  the  same  intensity  as  when  the  resonator  of  fork  300  was  at 
50  mm.  It  was  desirable  that  the  series  be  supra-liminal  but  yet 
close  enough  together  so  that  all  the  intensities  between  the  limit- 
ing intensities  were  represented.  Finally  the  base  of  the  series 
was  chosen  as  .60.  By  squaring  multiples  of  .60  a  series  of 
logarithmic  steps  result  as  follows:    .36,  1.44,  3.24,  5.76,  9.00 
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12.96,  etc.  After  dropping  the  decimal  places  the  steps  decided 
upon  become  6,  9,  13,  18,  23,  29,  36,  44,  52,  61,  71,  81,  on  the 
millimeter  scale.  Of  this  series  any  ten  adjacent  steps  will  be 
equal  to  any  other  ten  adjacent  steps. 

To  convert  the  intensities  of  one  fork  into  those  of  any  other 
fork  it  is  necessary  to  adjust  them  subjectively  until  they  seem 
to  be  of  equal  intensity  and  then  select  that  set  of  ten  steps  for 
each  fork  which  groups,  in  the  same  order,  around  the  points 
of  the  two  millimeter  scales  found  to  be  equal.  It  was  thought 
at  first  that  it  would  be  simpler  to  set  the  resonators  at  equal 
intensities  and  then  adjust  the  millimeter  scales  so  that  the  read- 
ings on  both  would  be  the  same.  This  would  mean,  however, 
that  the  readings  did  not  mean  distance  of  the  resonator  from 
the  fork. 

At  this  stage  of  the  experiment  it  was  not  possible  to  maintain 
the  intensity  of  any  given  fork  constant  for  many  days  at  a  time 
and  shifting  the  millimeter  scales  from  day  to  day  would  intro- 
duce a  group  of  variable  quantities  whose  correction  would  be 
much  more  difficult  than  the  conversion  of  the  millimeter,  to 
a  tone  inten^ty  scale.  As  a  matter  of  fact  the  ten  steps,  13  to 
81,  were  suitable  for  all  the  forks  except  150  for  which  the  ten 
steps  were  6  to  61.  These  steps  were,  of  course,  arbitrarily 
chosen  at  the  beginning  of  the  experiment,  but  the  final  results 
shown  in  table  XI  show  that  they  were  satisfactory. 

The  method  of  making  the  judgments  is  that  of  "Selbsteinstel- 
lung."  The  observer  sits  under  the  sound  frame  W  in  the  chair 
(Ch  O)  as  shown  in  the  Experimental  Room  photograph.  The 
forks  are  24  inches  overhead  and  out  of  sight.  The  experimenter 
sits  in  the  chair  (Ch  E).  He  changes  the  position  of  the  reso- 
nator of  the  constant  tone  whenever  a  series  has  been  completed 
and  manipulates  the  shutters  on  the  resonators.  The  tripod  table 
(Tr)  is  used  for  recording  the  data.  The  resonator  of  the 
variable  fork  is  adjusetd  by  the  observer  by  turning  the  crank 
(Cr)  located  in  the  arm  of  the  chair  (Ch  O). 

It  was  decided  at  first  to  use  a  head  rest  and  only  one  ear,  but 
the  results  were  less  satisfactory  and  more  variable  than  when 
the  head  is  free  to  move,  even  though  the  effect  of  sound  inter- 
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ference  by  reflected  waves  was  thus  a  much  more  disturbing 
factor.  By  allowing  the  head  free  the  average  conditions  were 
maintained  more  constant.  Unless  the  head  is  clamped  very 
rigidly  and  always  exactly  in  the  same  position,  greater  varia- 
tions result  than  when  free  to  move.  Fatigue  and  distracted 
attention  also  set  in  more  quickly. 

The  combinations  of  the  tones  were  twelve  in  all:  150-200; 
200-150;  150-250;  250-150;  etc.,  as  shown  in  the  tables.  Each 
combination  of  two  tones  was  given  twice;  once  with  the  lower 
tone  at  constant  intensity,  and  then  again  with  the  higher  tone 
constant.  The  preliminary  work  on  the  intensity  scale  had  given 
the  observers  sufficient  practice  to  enable  them  to  make  the  judg- 
ments easily.  Considerable  difficulty  had  been  anticipated  in 
making  the  judgments  but  this  difficulty  proved  to  be  only  tem- 
porary. Toward  the  end  of  the  experiment,  even  when  the  tones 
were  an  octave  apart  the  experimenter  who  was  recording  the 
results  frequently  marveled  at  the  constancy  of  the  judgments. 

Secondary  criteria  such  as  the  number  of  turns  made  with 
the  crank,  were  eliminated  by  frequently  altering  the  length  of 
the  cord.  The  judgments  were  made  in  the  order,  successive- 
ascending,  successive-descending,  simultaneous-ascending,  simul- 
taneous-descending, until  the  40  judgments  for  each  intensity 
had  been  made.  Each  of  these  four  judgments  requires  a  dif- 
ferent adjustment  and  to  use  secondary  criteria,  it  would  be 
necessary  to  remember  the  kinesthetic  conditions  of  the  fourth 
preceding  judgment. 

The  record  sheet  was  in  the  form  of  the  following  table  which 
represents  a  typical  series  for  Observer  A. 

Position  of  Position  of  variable  fork  200. 

constant  Successive  Simultaneous 

fork  300.  Ascending        Descending      Ascending        Descending 


81 

84 

74 

84 

75 

81 

88 

86 

80 

81 

88 

66 

lOI 

94 

81 

83 

86 

95 

85 

81 

82 

98 

85 

81 

86 

80 

91 

80 

81 

85 

83 

95 

81 

81 

85 

82 

90 

80 

81 

83 

78 

92 

76 

81 

90 

84 

S3 

83 

Median  85  82  91  80 
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The  table  shows  the  results  for  the  fork  combination  300-200 
for  the  weakest  intensity  ( i )  used.  The  readings  are  in  milli- 
meters. For  the  twelve  fork  combinations,  with  ten  intensities 
for  each  combination  and  for  two  observers,  the  total  number 
of  tables  was  240.  Since  each  table  contains  40  judgments  or 
"Einstellungen"  the  total  number  of  judgments  which  formed 
the  basis  for  the  conclusions  of  the  experiment  was  9600.  To 
secure  the  median  values,  as  shown  in  the  last  line  of  the  table, 
the  readings  were  arranged  on  graph  paper  in  order  of  thein 
magnitude  and  the  value  in  the  fifth  place,  counting  from  the 
lowest,  was  taken  as  the  median.  For  example,  the  values  of  the 
successive-ascending  series  in  the  table  when  arranged  according 
to  magnitude  are  83,  83,  84,  85,  85,  86,  88,  89,  90,  95.  The 
value  in  the  fifth  place  is  85  and  this  is  taken  as  the  median. 

When  the  scries  were  compared  as  shown  in  tables  I  to  VI 
the  new  median  (not  the  average  of  the  two  medians)  was  taken. 
Thus  considering  the  comparison  between  the  successive-ascend- 
ing and  the  simultaneous-ascending  series,  the  twenty  values  of 
both  these  series,  arranged  in  order  of  magnitude  is  as  follows: 
83,  83,  83,  84,  84,  85,  85,  86,  86,  88,  89,  90,  90,  91,  92,  95,  95, 
95 »  98,  loi.  The  value  found  in  the  tenth  position  was  taken 
as  the  median  of  both  series.  This  value  is  88.  It  happens  that 
the  median  of  both  series  combined  is  the  same  as  the  average 
of  the  two  medians  taken  separately,  but  this  need  not  be  the 
case.  The  median  of  the  series  taken  together  was  selected  be- 
cause it  seemed  more  likely  that  this  is  the  value  which  would 
have  been  secured  had  the  two  series  been  presented  at  random. 

By  taking  the  values  in  the  fifth  and  tenth  positions  the  true 
median  is  not  found.  In  a  series  made  up  of  ten  trials  the  median 
would  be  found  between  the  values  of  the  fifth  and  sixth  places, 
depending  on  the  frequency  of  the  adjacent  values.  This  was 
considered  an  unnecessary  refinement  since  all  of  the  series  were 
to  be  treated  in  the  same  way  and  the  crmparisons  were  relative, 
not  absolute. 

As  already  stated,  the  figures  in  the  table  represent  milli- 
meters, and  in  order  to  convert  these  millimeters  into  intensities 
it  is  necessary  to  multiply  the  derived  values  from  the  table  by 
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a  constant  which  is  different  for  different  distances  on  the  scale. 
Thus  the  difference  in  millimeters  between  the  medians  of  the 
successive-ascending  and  the  successive-descending  series  is 
85  —  82  =  3  millimeters.  A  difference  of  3  millimeters  when 
the  resonator  is  at  85  does  not  produce  as  great  a  difference  in 
intensity  as  a  difference  of  3  millimeters  when  the  resonator  is 
at  13.  In  order  to  correct  for  this  and  to  convert  the  differences 
in  millimeters  into  differences  in  intensity,  each  difference  in 
millimeters  was  multiplied  by  a  constant  which  depended  upon 
the  region  on  the  millimeter  scale  in  which  the  difference  was 
located. 

These  constants  were  determined  by  taking  the  reciprocal 
value  of  the  differences  in  millimeters  between  the  successive 
steps.  The  steps  decided  upon  were  at  6,  9,  13,  18,  23,  29,  36, 
44,  52,  61,  71,  81,  on  the  millimeter  scale.  The  differences  be- 
tv^reen  successive  steps  are  3,  4,  5,  5,  6,  7,  8,  8,  9,  10,  10,  milli- 
meters. The  reciprocals  of  these  values  are  .333,  .250,  .200, 
.200,  .166,  .143,  .125,  .125,  .III,  .100,  .100.  A  difference  of 
three  millimeters  in  the  region  of  the  scale  point  81  would  thus 
be  a  difference  in  intensity  of  3  X  100  or  .3  of  an  intensity  step. 
A  difference  of  three  millimeters  in  the  scale  region  25  would 
make  a  difference  of  3  X  .166  or  .498  of  an  intensity  step. 

In  the  data  never  more  than  two  decimal  places  were  retained 
and  the  principle  according  to  which  decimals  were  dropped  was 
the  usual  one  of  selecting  the  nearest  whole  number.  In  case 
the  decimal  to  be  dropped  was  5  the  nearest  even  number  was 
taken.  Thus  .425  became  .42  and  .435  became  .44.  The  decimals 
in  all  of  the  tables  were  reduced  in  this  way. 

As  an  illustration  of  how  these  values  may  be  interpreted  we  . 
will  take  the  value  of  the  variability  for  all  the  judgments  which 
was  found  to  be  1.48  steps.  This  means  that  when  the  constant 
fork  resonator  was  set,  for  instance  at  the  intensity  6  or  at  the 
distance  44  mm.,  one-half  of  the  intensity  judgments  of  the  com- 
parison fork  fell  within  1.48  intensity  steps  or  1.48/2  steps  on 
either  side  of  the  median.  The  value  .74  is  a  plus  and  minus 
value.  To  calculate  the  limits  within  which  one-half  of  the  judg- 
ments of  the  comparison  fork  will  be  found  when  the  constant 
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fork  was  set  at  44  mm.,  it  is  necessary  to  divide  .74  by  the  re- 
ciprocal value  (.143)  for  this  region  of  the  scale.  This  gives 
the  value  5.1  which  now  represents  millimeters.  Using  this  now 
as  a  plus  or  minus  quantity  for  the  scale  region  44,  we  have 
44  plus  5.1  and  44  minus  5.1  which  roughly  gives  the  values  at 
49  and  39.  Thus  49  and  39  represent  the  limits  on  the  scale  of 
the  comparison  fork  resonator  within  which  one-half  the  in- 
tensity judgments  were  found,  when  the  constant  fork  was  set 
at  44,  provided  the  scales  of  both  forks  were  the  same.  If  this 
is  not  the  case,  a  correction  must  be  made  but  this  does  not  effect 
the  principle. 

The  values  in  the  tables  which  follow  are  in  terms  of  the  ten 
steps  which  were  used  in  the  experiment  A  plus  value  means 
that  the  tone  under  consideration  was  made  stronger,  while  a 
minus  sign  means  that  the  tone  was  made  weaker  to  the  extent 
of  the  steps  indicated  by  the  digits.  The  values  of  the  tables 
can  be  converted  into  percentages  of  the  whole  range  of  in- 
tensities used,  by  moving  the  decimal  point  one  place  to  the  left 
Thus  the  .74  step  which  was  found  to  be  the  measure  of  the 
variability  for  all  the  intensities  is  thus  changed  to  .074  which 
means  that  one-half  the  judgments  of  intensity  were  found  to 
lie  within  plus  and  minus  .074  per  cent  of  the  total  range  of 
intensities.  Expressed  more  concretely,  if  one  tone  is  held  at 
a  constant  intensity  and  another  tone  is  adjusted  to  the  same 
intensity  a  large  number  of  times,  it  will  be  found  that  one-half 
the  judgments  will  lie  within  .074  of  the  total  range  of  con- 
veniently obtainable  intensities. 

4.  Results  and  Conclusions 

The  tables  which  follow  are  in  the  main  self-explanatory. 
The  series  which  are  compared  are  indicated  at  the  head  of  the 
table.  The  numbers  150,  200,  250,  300,  indicate  the  vibration 
rates  of  the  four  tones  used.  The  results  for  the  various  com- 
binations of  these  tones  are  found  where  the  vertical  and  hori- 
zontal columns  intersect.  The  tones  of  the  first  coliunn  were 
always  the  ones  kept  at  a  constant  intensity. 

The  values  below  the  blank  diagonal  in  the  upper  table  repre- 
sent the  values  when  the  higher  tone  was  the  constant  tone,  and 
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the  values  above  the  diagonal — when  the  lower  was  the  constant 
tone.  The  weakest  intensity  is  designated  as  i  and  the  strong- 
est as  10. 

The  conclusion  which  is  given  is  only  the  most  obvious  one. 
Further  discussion  of  the  results  is  taken  up  later. 

The  (a)  table  is  derived  from  the  same  data  as  that  from 
which  the  upper  table  was  derived. 

All  forks  vibrated  in  the  same  phase. 
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Successive  Ascending 

COliPASED  WITH 

Successive  Descending 

The  table  values  indicate  the  intensity  steps  that  were  added  to  the  in- 
tensity of  the  Ascending  tone,  to  give  the  intensity  of  the  Descending  tone. 

Table  I 
Ten  intensities  combined.  4800  judgments. 

Variable  Tones 
I  $0  200  250  300 

ContUnt      Obt.  Obt.  Oba.  Obt.  Obs.  Obs.  Obs.  Obs. 

Tone  A      B       Av.  A      B       Av.  A      B  Av.        A      B       At. 

150  141   1. 16  1.28        .76     J&3  .60      1. 12    .89  IXX> 

200  .99     ^I      .90  .84  I.Q2  .93  .80     .81     .80 

250  .85     .63     .74  78     .70     .74  .78     .71      .75 

300  .91    .77    ^       .88    .68    .78       .88    .52    .70 

When  low  tone  is  the  constant  tone,  average  is 93 

When  high  tone  is  the  constant  tone,  average  is 78 

Average  for  whole  table  is  86 

Conclusion : 
When  compared    SUCCESSIVELY  with   a   tone   of   constant   intensity^ 
tones  varying  from  strong  to  weak   (DESCENDING)   are  made  .86  step 
stronger    (or   heard   .86  step  weaker)    than  tones  varying  from   weak  to 
strong  (ASCENDING). 

Table  Ia 
Ten  intensities  separate.  All  condnnations  taken  together. 

Intensities 
Obs.  I         23456789        10 

A  .96    i.oo      .75    i.oo    1. 12    i.oo    i.oo    ixw      .50      .75 

B  .64      .60    I.oo      .91     1. 12    I.oo      .75      .86      .66      .75 

Med.  .80      .89      .84    I.oo    1.12    I.oo     .75      .86     .50     .75 

The  extent  in  steps  to  which  the  conclusion  holds  for  the  separate  intensi- 
ties is  indicated  in  the  last  line. 

Simultaneous  Ascending 

COMPARED  WriH 

Simultaneous  Descending 
The  table  values  indicate  the  intensity  steps  that  were  added  to  the  in- 
tensity of  the  Ascending  tone,  to  give  the  intensity  of  the  Descending  tone. 

Table  II 
Ten  intensities  combined.  4800  Judgments. 

Variable  Tones 
i$o  200  250  300 

ContUnt      Obs.  Obs.  Obs.  Obs.  Obs.  Obs.  Obt.  Obt. 

Tone  A      B        Av.  A      B       Av.  A      B      Av.        A      B        Av. 

150  .70  1.09    .90        .96    .73    .84        .88    .83    .86 

200  .37     .S6     .62  1. 14  1.56   1.35        1.03   1.02  1.02 

250  .94    .67    .82       .81    .96    .88  .73    .55    .64 

300         1.05  1.07  1.06      1.06  1.08  1.07      1.02    .73    .88 

When  low  tone  is  the  constant  tone,  average  is 94 

When  high  tone  is  the  constant  tone,  average  is 89 

Average   for  the   whole  table  is .92 

Conclusion : 
When  compared  SIMULTANEOUSLY  with  a  tone  of  constant  intensity^ 
tones  varying  from  strong  to  weak    ( DESCENDING)    are  made  .92  step 
stronger    (or   heard   .92   step   weaker)    than   tones   vajying   from  weak  to 
strong  (ASCENDING). 
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Table  Ha 
Ten  mteitsities  separate.  All  combinations  taken  together. 

Intensities 
Ohs.  123456789       10 

A  1.00    1.20      .91      .87      .84      .84    1.33      75      .75    i-oo 

B  .80      .80      .87    1.19      .87    1.00      .84      .75    1.36    1.00 

Med.  .84    1.09      .89      .96      .84      .87    1.14      .75    1.00    1.00 

The  extent  in  steps  to  which  the  conclusion  holds  for  the  separate  intensi- 
ties is  indicated  in  the  last  line. 

Successive  Ascending 

COMPARED  wrrH 

Simultaneous  Ascending 

The  table  values  indicate  the  intensity  steps  that  were    (algebraically) 

added  to  the  intensity  of  the  Successive  tone,  to  give  the  intensity  of  the 

Simultaneous  tone. 

Table  III 
Ten  intensities  combined.  4800  Judgments. 

Variable  Tones 
150  200  250  300 

Conitant      Obs.  Obs.  Obs.  Obt.  Oba.  Obt.  Obt.  Obs. 

Tone  A      B       Av.  A      B      Av.  A      B      Av.        A      B       Av. 

150  -1-46  -.03  -.75       -.91  -.70  -£0      -.80-1.34-1.07 

200  -.10-1.12  -.61  1.50     .50  1.00       -.81  -42  -.62 

250  46-1. 15  -64       -ulO-1.56  -.98  .23  -.49  -.13 

300         .09-1.51  -.71      -.11-1.03  -.57       ai  -.55  -.17 

When  low  tone  is  the  constant  tone,  average  is -.40 

When  high  tone  is  the  constant  tone,  averageis -.65 

Average  for  the  whole  table  is -.52 

Conclusbn : 
When  compared  with  a  tone  of  constant  intensity,   SIMULTANEOUS 
tones  varying  from  weak  to  strong   (ASCENDING)    are  made   .52   step 
weaker    (or  heard   .52  step  stronger)   than   SIUCX^ESSIVE  tones   varying 
from  weak  to  strong  (ASCENDING). 

Table  IIIa 
Ten  intensities  separate.  All  combinations  taken  together. 

Intensities 
Obs.  123456789       10 

A  -.14    -.20      .10      .'  o      .25        o        o        o    -.50 

B  -40    -.33    -.29    -     >   -.25    -43    -,6;  -I.I7  -1.50  -1.67 

Med.         --4D    -.26    -.11        9    -.25    -.29    -J2S    -.50  -1.00  -1.33 
The  extent  in  steps  to  whidh  i      conclusion  holds  for  the  separate  intensi- 
ties ds  indicated  in  the  last  line. 
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Successive  Descending 

compared  with 

Simultaneous  Descending 

The  table  valoes  indicate  the  intensity  steps  that   were    (algebraically) 

a<kled  to  the  intensity  of  the  Siiccessive  tone,  to  give  the  intensity  of  the 

Simultaneous  tone. 

Table  IV 
Ten  intensities  combined.  4800  Judgments. 

Variable  Tones 
150  200  250  300 

Conitant      Obs.  Obt.  Obt.  Obs.  Obt.  Obs.  Obs.  Obs. 

Tone  A      B       Av.  A      B      At.  A      B      Av.        A      B       Av. 

150  -2.36  -.86-1.61      -.66  -.73  -.70    -1 .27-1 .28-1. 28 

200        -.74  -.75  -74  .85  I.0S    .95      -.59  -21  -40 

250  .50-1.08  -J39       -.3^1.32  -^  .22  -.56  -.17 

300  .32-1.06  -.37        .02  -.50  -.24        47  -.34    .06 

When  low  tone  is  the  constant  tone,  average  is -.70 

When  high  tone  is  the  constant  tone,  average  is -u|0 

Average  for  the  whole  table  is ~55 

Conclusion : 
When  compared  with  a  tone  of  constant  intensity,   SIMULTANEOUS 
tones  varying  from  strong  to  weak  (DESCENDING)   are  made   .55  step 
weaker    (or  heard  .55  step   stronger)    than   SUCCESSIVE  tones   varying 
from  strong  to  weak  (DESCENDING). 

Table  IVa 
Ten  intensities  separate.  All  combinations  taken  together. 

Intensities 
Obs.  123456789       10 

A  -.10    -.22     .12        o    -.17    -.25        o    -.50        o        o 

B  -.33    -.16     .09    -.29    -.33    ".^7  -1.00  -i.oo    -.75  -1.00 

Med.         -.11    -.22      .09    -.22    -.33    -.37    -.50  -1.00    -.50  -1.00 
The  extent  in  steps  to  which  the  conclusion  hokis  for  the  separate  intensi- 
ties is  indicated  in  the  last  line. 

Ascending 
compared  wriH 
Descending 
(Simultaneous  and  Successive  series  taken  together) 
The  table  values  indicate  the  intensity  steps  that  were  added  to  the  in- 
tensity of  the  Ascending  tone,  to  give  the  intensity  of  the  Descending  tone. 

Table  V 
Ten  intensities  combined.  9600  Judgments. 

Variable  Tones 

150                      200  250                    300 

ContUnt      Obs.  Obs.                 Obs.  Obs.  Obs.  Obs.                Obs.  Obs. 

Tone            A      B       Av.          A      B      At.  A      B  At.        A      B       At. 

150                                          1.02  1. 10  1.06  .84     .83  .84       1.02     .50     .76 

200         .68    .85    .7^  196  i.^  1.12       .86    .87    .86 

250  .86    ,67    ,7^       .86    .99    .92  .83    .78    .80 

300         .92    .71    .82       .88    .68    .72,      1. 01    .69    .85 

When  low  tone  is  the  constant  tone,  average  is .91 

When  high  tone  is  the  constant  tone,  average  is 82 

Average  for  the  whole  table  is 86 

Conclusion : 
When  compared  with  a  tone  of  constant  intensity,  in  mixed  simultaneous 

and  successive  order,  DESCENDING  tones  are  made  .86  step  stronger  (or 

heard  .86  step  weaker)  tihan  ASCENDING  tones. 
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Table  Va 
Ten  intensities  separate.  All  combinations  taken  together. 

Intensities 
Olw.  123456789       10 

A  i.oo    1. 10      .80    i.oo    1.00    i.oo    i.oo      .75      .75    i.oo 

B  .80     .82      .87      .89      .84    1.00    1.00     .84      .75      .50 

Med.         1.00      .90      .84    I.oo      .84    I.oo    I.oo      .75      .75      .75 
The  extent  in  steips  to  which  the  conclusion  holds  for  the  separate  intensi- 
ties is  indicated  in  the  last  line. 

Successive 

compared  with 

Simultaneous 

(Ascending  and  Descending  series  taken  together) 

The  table   values   indicate  the  intensity  steps  that   were    (algebraically) 

added  to  the  intensity  of  the  Stwxessive  tone,  to  give  the  intensity  of  the 

Simultaneous  tone. 

Table  VI 
Ten  intensities  combined.  9600  Judgments. 

Variable  Tones 

150                       200                       250  300 

Constant      Obs.  Obs.                 Obs.  Oba.                 Obs.  Obs.  Obs.  Obs. 

Tone            A      B       Av.          A      B       Av.           A      B      Av.  A      B       Av. 

ISO                                           -1.70  -.20  -45       -.71  -46  -.58  -.85-I.i7-I.OI 

200          -.31  -.98  -.64                                         1.84     .96  140  -.55  -.64  -.60 

250              .62-1.12  -.25       -.37-1.46  -.92  .15  -.56  -.20 
300             .27-1.50  -.62         .06  -.73  -.34         49  -.31     .09 

When  low  tone  is  the  constant  tone,  average  is -.24 

When  high  tone  is  the  constant  tone,  average  is -45 

Average  for  the  whole  table  is -.34 

Conclusion : 
When   compared  with  a  tone  of  constant  intensity,  in  mixed  ascending 
and  descending  ofder,  SIMULTANEOUS  tones  are  made  .34  step  weaker 
(or  "heard  .34  step  stronger)  than  SUCCESSIVE  tones. 

Table  VIa 
Ten   intensities  separate.  All  combinations  taken  together. 

Intensities 
Obs.  I         23456789        10 

A  -.08    -.10        o      00    -.22        o      .25      .29        o    -.25 

B  -.50    -.26    -.14    -.28    -.24    -.50    -.50  -1.25    -.75  -1.50 

Med.        -.10    -.26        o    -.28    -.24    -.50    -.50    -.57    -.25    -.84 
The  extent  in  steps  to  which  the  conclusion  for  the  separate  intensities 
fiokb,  is  indicated  in  the  last  line. 
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5.  Comparison  and  Discussion  of  Results 

VI 


-.34      I 

II 


,1  ST]  I  ^— ^ 

Sue.  Sue.  Shn.  Sim. 

Asc.  Dcs.  Asc.  Dcs. 

-.52   I 


L 


III 


-.55 


IV 
.86     I 


The  above  diagram  will  show  more  clearly  how  the  tables  and 
conclusions  are  related.  It  is  to  be  remembered  that  the  original 
data  was  in  the  form  of  four  series.  These  four  series  form 
the  starting  points  of  the  braces  which  connect  those  series  which 
were  used  to  make  up  the  tables  indicated  by  the  Roman  nu- 
merals. The  numbers  in  the  right  arm  of  each  brace  are  the 
extent  in  steps  which  the  series  nearest  the  number  was  made 
stronger  (or  heard  weaker)  if  the  value  is  positive,  or  made 
weaker  (or  heard  stronger)  if  the  value  is  negative,  than  the 
companion  series.  Thus,  the  — .52  in  the  right  arm  of  the  brace 
III  means  that  the  simultaneous-ascending  tones  were  made  .52 
step  weaker  (or  heard  .52  step  stronger)  than  the  successive- 
ascending  tones,  when  compared  with  a  tone  of  constant  in- 
tensity. The  same  principle  is  carried  through  for  the  other 
combinations. 

From  the  diagram  it  also  appears  that  the  simultaneous  tones 
were  made  weaker  (or  heard  stronger)  than  the  successive  tones, 
and  the  descending  tones  are  made  stronger  (or  heard  weaker) 
than  the  ascending  tones. 

It  will  be  well  to  make  clear  just  what  this  means.  Consider 
as  an  illustration  the  comparison  between  simultaneous  and  suc- 
cessive tones  of  which  the  tone  200  is  the  constant  and  the  tone 
250  the  variable.  Assume  that  200  is  set  at  intensity  5  or  at 
36  mm.  The  tone  250  is  started  at  silence  by  the  observer  and 
slowly  made  stronger  while  being  successively  compared  with 
the  intensity  of  200.    Suppose  when  they  are  equal  that  the  scale 
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of  250  also  reads  36  mm.  This  reading  is  recorded.  Now  250 
is  again  returned  to  silence  and  then  gradually  made  stronger, 
but  this  time  the  adjustment  is  made  while  the  tones  are  sound- 
ing simultaneously.  In  this  case  it  is  found  that  250  is  not  made 
as  strong  as  when  the  comparison  was  made  successively.  In 
other  words,  when  given  simultaneously  250  was  reported  equal 
before  it  actually  reached  the  position  at  which  it  was  stopped 
when  it  was  compared  successively.  Briefly,  250  was  left  weaker 
when  given  simultaneously  than  when  given  successively. 

Introducing  a  subjective  term,  we  can  say  that  250  was 
"heard"  as  equal  while  objectively  it  was  still  weaker  than  it 
had  been  when  reported  equal  successively.  Advancing  another 
step,  when  a  tone  is  made  weaker  under  a  set  of  conditions  (A) 
than  it  is  under  a  set  of  conditions  (B),  when  the  instructions 
actually  are  to  make  the  tones  "equal"  in  intensity,  we  may  say 
that  the  tone  was  "heard  stronger"  under  the  (A)  conditions. 
This  means  that  had  the  resonator  actually  been  advanced  to  the 
position  which  it  had  in  the  (B)  set,  it  would  have  been  judged 
stronger  than  the  constant  tone. 

From  the  foregoing  it  should  be  clear  that  the  subjective  char- 
acterization "heard"  is  derived  from  the  reaction.  This  is  the 
reason  that  it  has  been  treated  parenthetically  in  the  tables  and 
in  the  discussion.  It  is  the  reactions — the  moving  of  the  reso- 
nators more  or  less — which  form  the  basis  of  this  experiment. 
The  subjective  terms  "heard  stronger  or  weaker"  are  introduced 
for  two  reasons:  i.  Many  psychologists  are  interested  in  the 
subjective  conditions;  2.  The  opposition  between  the  relations 
"making  stronger"  and  "hearing  weaker"  is  likely  to  be  over- 
looked. It  is  easy  to  conclude  that  because  a  tone  was  "made 
stronger"  it  is  also  "heard  stronger"  whereas  a  little  reflection 
will  show  that  the  opposite  is  the  case. 

The  type  of  the  reactions  which  the  observers  made  in  the 
experiment  with  ascending  and  descending  tones  can  be  described 
by  saying  that  the  reactions  did  not  go  far  enough.  In  tones 
varying  from  weak  to  strong,  the  observer  left  the  tones  too 
weak;  in  tones  varying  from  strong  to  weak,  they  were  left  too 
strong.    It  is  possible  that  the  stimulus  for  stopping  the  reaction 
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is  not  only  the  intensity  of  the  tone  but  also  the  amount  of 
change  in  intensity  which  it  has  undergone.  When  the  observer 
had  changed  the  tone  a  certain  amount,  he  gave  the  "equal"  re- 
action, though  with  respect  to  intensity  the  reaction  was  pre- 
mature. It  must  be  remembered,  however,  that  the  amount  of 
change  in  the  intensities  of  the  tones  varied  for  the  different 
steps.  Thus  the  ascending  tones  were  always  started  at  silence. 
When  working  on  intensity  i,  the  change  between  silence  and 
intensity  i  is  very  little  as  compared  with  the  change  from  silence 
to  intensity  lo.  For  the  intermediate  steps,  of  course,  there  were 
intermediate  degrees  of  change. 

Another  fact  which  tends  to  reduce  the  effectiveness  of  the 
amount  of  change  as  a  substitute  for  the  reaction  to  the  intensity 
only,  was  the  fact  that  the  ascending  and  descending  series  alter- 
nated. The  amount  of  change  in  intensity  when  ascending  is 
just  the  opposite  of  what  it  is  in  descending.  It  is  only  in  the 
medium  intensities  that  the  amount  of  change  is  the  same  both 
for  ascending  and  descending  tones.  This  does  not  mean  that 
the  change  in  intensity  is  without  effect,  only  it  is  not  likely  that 
it  may  be  substituted  for  the  reaction  to  the  intensity.  It  seems 
to  the  writer  that  it  is  more  correct  to  say  that  the  judgment 
"equal"  in  ascending  and  descending  tones  is  the  result  of  both 
the  (i)  actual  intensity  of  the  tones  and  (2)  the  amoimt  of 
change  in  intensity  which  the  variable  tone  has  imdergone. 
These  two  factors  interact  in  such  a  way  that  ascending  tones 
are  made  weaker  than  descending  tones. 

The  type  of  reaction  characteristic  of  the  judgment  that  was 
made  when  successive  and  simultaneous  tones  are  compared,  is 
of  a  different  order  than  that  of  ascending  and  descending  tones. 
When  the  intensity  of  successive-ascending  tones  is  compared 
with  that  of  simultaneous-ascending  tones  (Table  III)  the  direc- 
tion and  magnitude  of  the  change  in  intensity  is  the  same  for 
both  series,  in  that  they  both  start  from  silence  and  are  brought 
to  equality.  We  find,  however,  that  the  simultaneous  tone  is 
made  about  a  half  step  weaker  than  the  successive  tone.  This 
reaction  seems  to  be  conditioned  only  by  the  tone  intensity. 

Whether  the  stimulus  which  releases  the  "equal"  reaction  pre- 
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maturely  (in  the  physical  sense)  is  simply  the  tone  intensity  can- 
not be  determined  without  further  experimental  analysis  of  the 
tone  intensity  reaction.  Previous  habits  of  tone  perception  most 
probably  play  a  role.  Do  we  have  the  habit  of  giving  attention 
to  the  variable  rather  than  to  the  constant  tone?  Do  we  give 
attention  to  the  higher  rather  than  to  the  lower  tone?  Do  we 
give  attention  to  the  components  of  a  compound  tone  differently 
when  the  difference  of  the  vibration  rates  between  them  is  great 
than  when  it  is  small  ?  Do  we  attend  differently  to  the  intensity 
when  the  interval  is  consonant  than  when  it  is  dissonant  ? 

A  scientific  analysis  of  the  tone  intensity  judgment  or  tone 
intensity  reaction  will  make  it  necessary  that  these  questions  be 
answered  not  only  affirmatively  or  negatively  but  quantitatively. 
As  we  approach  the  solution  of  some  of  these  questions  we  can 
subject  the  various  theories  of  audition  to  a  much  more  search- 
ing and  effective  criticism  than  it  is  possible  from  mixed  qualita- 
tive and  a  priori  considerations. 

Quite  early  in  the  experiment  it  was  noted  that  there  was  a 
considerable  difference  between  the  averages  of  the  observations 
in  which  the  low  tone  was  the  constant  tone  and  those  in  which 
the  high  tone  was  kept  at  constant  intensity.  This  is  so  apparent 
in  all  of  the  tables  that  it  seems  improbable  that  it  was  due  to 
some  error  in  the  control.  In  comparing  the  tones  successively, 
each  resonator  was  alternately  opened  and  closed  as  often  as 
was  necessary  to  enable  the  observer  to  shift  the  variable  reso- 
nator until  the  variable  tone  seemed  equal  in  intensity  to  the 
constant  tone.  During  this  time  each  tone  may  have  been 
sounded  a  dozen  times  and  whether  the  high  tone  had  been 
sounded  first  or  the  low  tone  first,  would  have  been  forgotten. 
Furthermore,  no  definite  plan  was  followed  as  to  which  tone, 
variable  or  constant,  higher  or  lower,  was  the  starting  tone.  In 
the  simultaneous  tones  both  resonators  were  opened  at  the  same 
time  and  left  open  until  a  judgment  had  been  made. 

Frbm  this  it  does  not  appear  that  the  difference  between  the 
averages  when  the  higher  tone  is  constant  or  the  lower  tone 
constant,  is  due  to  any  constant  in  the  manner  of  presenting  the 
tones.     There  is  involved  in  this  fact  perhaps  some  habit  of 
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auditory  perception.  So  far  as  the  sense  organs  in  the  ear  or 
the  character  of  the  sound  waves  are  concerned  there  should  be 
no  such  difference  in  the  averages.  One  thing  which  bears  on 
this  subject  is  the  difference  between  the  relative  intensities  of 
successive  and  simultaneous  tones  as  revealed  by  tables  III,  W, 
VI,  in  which  it  was  found  that  the  simultaneous  variable  tones 
are  made  weaker  than  the  successive  variable  tones.  This  shows 
that  when  tones  sound  simultaneously  they  affect  each  other  in 
a  manner  differently  than  when  they  sound  successively.  -  The 
question  arises,  do  we  approach  the  simultaneous  tone  conditions 
as  the  intervals  between  successive  tones  become  shorter  and 
shorter,  or  even  as  combinations  which  start  as  successive  tones 
are  left  to  overlap  and  become  partly  simultaneous?  The  ob- 
servers noted  frequently  that  the  intensity  judgments  for  suc- 
cessive tones  were  different  from  the  intensity  judgments  of 
simultaneous  tones.  To  illustrate,  if  the  intensity  of  tone  150 
is  constant  and  200  is  made  of  the  same  intensity  successively, 
then  when  both  sound  simultaneously  200  will  be  found  to  be 
too  strong.  It  may  be  adjusted  again  to  150  and  the  judgment 
that  150  and  200  now  sounding  simultaneously  are  equally  strong 
will  be  clear  and  unambiguous,  but  to  say  that  the  intensities 
of  the  simultaneous  tones  are  the  same  as  the  intensities  of  the 
successive  tones  is  quite  a  different  matter. 

To  answer  this  question  it  is  necessary  that  a  third  or  standard 
tone  be  introduced  according  to  the  following  plan.  Take  tones 
150A  and  150B  and  200;  equate  150 A  with  1508  for  intensity, 
successively;  then  adjust  200  until  it  is  equal  in  intensity  to 
150B,  successively;  then  treat  150B  and  200  as  a  single  tone 
and  sound  simultaneously,  varying  150B  until  it  is  equal  to  200. 
The  difference  between  the  readings  of  150A  and  150B  will  show 
the  influence  of  the  tone  200  on  the  intensity  of  150B  when 
given  simultaneously. 

It  is  in  some  such  manner  that  the  influence  of  one  tone  upon 
another,  so  far  as  the  intensities  are  concerned,  will  need  to  be 
worked  out,  before  it  will  be  possible  to  explain  why  the  aven^ 
of  the  tables  seem  to  be  influenced  so  much  by  whether  the  high 
or  ihe  low  tone  is  the  constant  tone.    This  is  the  next  problem 
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that  the  writer  hopes  to  take  up,  but  preliminary  to  this  is  the 
development  of  some  simple  absolute  standard  for  tone  intensity. 

The  individual  differences  between  Obs.  A  and  Obs.  B  have 
not  been  treated  in  this  paper.  All  the  tables  will  reveal  the  fact 
that  they  are  of  considerable  magnitude  but  to  try  to  explain 
these  differences  with  the  data  of  only  two  observers  might  lead 
to  conclusions  which  would  need  to  be  materially  modified  with 
a  greater  number  of  observers.  It  would  have  been  better,  of 
course,  to  have  started  with  a  greater  number  of  observers  but 
for  reasons  indicated  in  another  part  of  this  paper  it  was  not 
found  practicable.  Besides  the  results  of  this  experiment  will 
make  it  possible  to  attack  the  problem  of  individual  differences 
in  a  much  simpler  way. 

The  smaller  (a)  tables  which  give  the  values  for  the  ten  in- 
tensities separately,  show  that  the  phenomena  which  are  char- 
acteristic for  each  table  are  rather  evenly  distributed  over  the 
ten  tone  intensities. 

The  strengthening  of  the  descending  tone  as  shown  by  table  Ia 
occurs  mainly  with  the  medium  intensities.  The  same  thing  is 
to  be  noted  in  IIa. 

The  weakening  of  the  simultaneous  tone  as  shown  by  table 
IIIa  is  least  in  the  medium  intensities,  but  in  table  IVa  it  is  least 
with  the  lower  intensities.  It  seems  to  be  clear,  however,  that 
the  weakening  of  the  simultaneous  tones  is  greatest  at  the  higher 
intensities.  This  is  perhaps  only  an  extension  of  the  same  prin- 
ciple. If  simultaneous  tones  are  weakened,  we  should  expect 
them  to  be  weakened  most  where  the  intensity  is  greatest,  be- 
cause greater  differences  in  intensity  are  possible  where  the  tones 
are  loud  than  where  they  are  weak. 

6.  The  Variability  of  Intensity  Judgments 
Tables  VII  to  XI  show  the  extent  to  which  the  judgments  of 
intensity  varied.  The  values  of  the  tables  are  in  intensity  steps 
and  represent  the  range  over  which  half  of  the  judgments  were 
distributed.  Thus  the  value  1.80  taken  at  random  from  the  com- 
bination 150-200,  table  VII,  means  in  this  case  that  one  half  of 
the  intensities  were  found  within  less  than  2  intensity  steps.  This 
value  may  also  be  considered  as  a  measure  of  the  accuracy  of  the 
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judgments  in  that  one-half  the  value  indicates  the  deviation  of 
these  judgments  above  and  below  a  given  intensity.  The  way 
in  which  the  variability  value  is  derived  is  as  follows. 

To  consider  the  variability  for  the  combination  successive- 
ascending  and  simultaneous-ascending  for  the  intensity  i  (8i 
mm.)  the  values  of  which  are  given  in  the  specimen  table,  page 
39,  and  arranged  in  order  of  magnitude  on  page  40.  In  this 
series  there  are  20  judgments,  the  median  value  of  which  is  88. 
By  taking  the  value  in  the  fifth  place  84  and  the  value  in  the  six- 
teenth place  95,  these  limits  will  include  slightly  more  than  one- 
half  of  the  judgments.  The  difference  between  these  limits  is 
95  —  84  =  II  mm.  which  represents  the  limits  within  which  the 
resonator  moved  for  one-half  the  cases.  In  reducing  the  milli- 
meters to  intensities,  the  difference  11  is  multiplied  by  the  re- 
ciprocal .10  (page  41)  which  is  the  factor  in  the  region  of  the 
scale  88  mm.  This  gives  the  value  i.io  which  is  the  measure 
of  variability. 

Variability  of  Successive  Tones 
(Ascending  and  Descending  taken  together.) 

Table  VII 

Ten  intensities  combined.  4800  Judgments. 

Variable  Tones 

150                       200                      250  300 

ConiUnt      Obt.  Obt.                 Obt.  Obt.                 Oba.  Oba.  Oba.  OU. 

Tone            A      B       Av.          A      B      Av.           A      B  Av.        A      B       Av. 

150                                           1.94  1.65  1.80       1.52  1.76  1.64       178  I.3I    1.54 

200        14s  1.30  1.32  1.70  1.65  1.68      iu|0  147  144 

250        1.35  iio  ii8      1.46  1.34  140  1.62  1.32  147 

300  1.33  1.24  1.38       1.06  I.2S   1. 16       1.57   1. 16  1.36 

When  low  tone  is  the  constant  tone,  average  is 1.60 

When  high  tone  is  the  constant  tone,  average  is 1.32 

Average  for  the  whole  table  is 146 

Variability  of  Simultaneous  Tones 
(Ascending  and  Descending  taken  together.) 

Table  VIII 
Ten  intensities  combined.  4800  Judgments. 

Variable  Tones 
150  200  250  300 

ConaUnt      Obt.  Obt.  Obs.  Oba.  Obs.  Obs.  Oba.  Obs. 

Tone  A      B       Av.  A      B      Av.  A      B      Av.        A      B       Av. 

ISO  142  1.96  1.70      1.49  1.79  i<54      i.^  1.35  I-50 

200  1. 15   1.28  1.22  1.88  2.19  2.04        1.75   I.7I    1.73 

250         1.27  1.35  I.31       1-35  146  140  2.08  1.36  1.72 

300         1.77  14s  I.61       148  1.52  1.50      1.65  I.31  1.48 

When  the  low  tone  is  the  constant  tone,  the  avemge  is 1.72 

When  high  tone  is  the  constant  tone,  average  is 142 

Average  of  the  Whole  table  is 1.57 
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Variability  of  Ascending  Tones 

(Successive  and  Simultaneous  taken  together.) 

Table  IX 

Ten  intensities  combined.  4800  Judgments. 

Variable  Tones 
150  200  250  300 

Constant      Obs.  Obs.  Obs.  Obs.  Obs.  Obs.  Obs.  Obs. 

Tone  A      B       At.  A      B      Av.  A      B      Av.        A      B       At. 

ISO  1.70  147  1.58  144  1.96  1.70  1.54  164  I.S9 

200  142  1.29  1.36  2.38  1.67  2.02  1.57  1.52   1.54 

250  .98  147   1.22  I^I    1.80  1.50  1.44  142   1.43 

300  1. 10  1.54  1.32  IJ02   I.3I  1. 16  144  1. 19  1.32 

When  low  tone  is  the  constant  tone,  average  is 1.64 

When  "high  tone  is  the  constant  tone,  average  is 1.31 

Average  for  the  whole  table  is 148 

Variabiuty  of  Descending  Tones 

(Successive  and  Simultaneous  taken  together.) 

Table  X 

Ten  intensities  combined.  4800  Judgments. 

Variable  Tones 
i$o  200  250  300 

Constant      Obs.  Obs.  Obs.  Obs.  Obs.  Obs.  Obs.  Obs. 

Tone  A      B        At.  A      B      At.  A      B      Av.         A       B        At. 

150  2.44  145  1.94      1.58  2.04  1.61      1.96  1.76  1.86 

200         LIS  1.53  1.34  2.66  1.99  2.32      1.50  1.69  1.60 

250         1.24  1.17  1.20      140  1.68  I.S4  1.50  1.32  1.41 

300        1.34  1.29  1.32      .98  1. 18  1.08     1.54  140  147 

When  low  tone  is  the  constant  tone,  avenage  is 1.82 

When  high  tone  is  the  constant  tone,  average  is 1.32 

Average   for  the  whole  table  is 1.57 

Variability  with  Respect  to  Intensities 
(Successive,  Simultaneous,  Ascending  and  Descending  Combined) 

Table  XI 
Ten   intensities   separate.        9600  Judgments.         All  combinations. 

Intensities 

Obs.  123456789        10 

A  1.50    1.33    1.33    1.61    1.37    143    150    1.50    1.50  1.25 

B  140    1.37    1.50    1.44    1.50    I.2S    1.33    1.50    1.67  1.50 

Med.         1.50    1.36    140    144    1.37    1.33    143    1.50    1.50  1.50 

Average  for  the  whole  table  is 1.48 

The  tables  show  that  successive  tone  intensities  are  less  varia- 
ble than  simultaneous  tone  intensities,  and  ascending  tone 
intensities  less  variable  than  descending  tone  intensities.  Intro- 
spectively  it  seemed  to  the  observers  that  the  simultaneous  judg- 
ments were  the  more  accurate  though  the  tables  show  the  reverse. 
In  the  descending  judgments  the  introspection  agrees  with  the 
tables.  However,  the  differences  in  the  variability  are  not  pro- 
nounced. It  is  rather  remarkable  that  the  judgments  are  so 
constant.  This  is  a  promising  fact  for  future  work  on  sound 
intensity.    The  average  of  all  the  tables  is  1.48  steps.    Half  this 
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value  .74  represents  the  deviation  of  half  the  judgments,  above 
and  below  a  hypothetical  average  intensity. 

For  example,  if  the  constant  tone  is  set  at  intensity  5  then  one- 
half  of  the  judgments  in  making  a  variable  tone  of  equal  intensity 
will  be  found  to  lie  between  the  intensities  4.26  and  5.74.  This 
value  1.48  also  corresponds  well  with  what  was  expected  in  plan- 
ning the  experiment,  namely,  that  the  difference  between  the  in- 
tensity steps  should  be  supra-liminal.  Had  they  been  subliminal, 
the  value  would  have  been  greater  than  2.00.  Since  we  started 
with  ten  intensity  steps  and  the  deviation  is  plus  and  minus  .74 
we  can  say  within  the  limits  of  the  intensities  actually  used,  there 
are  14  just  noticeable  differences  in  intensity. 

By  extending  the  intensities  to  very  loud  and  very  faint  it 
seems  conservative  to  suppose  that  at  least  25  tone  intensities 
could  be  discriminated. 

The  differences  between  the  averages  when  the  high  tone  is 
the  constant  tone  and  the  low  tone  is  the  constant,  are  perhaps 
even  more  pronounced  than  for  tables  I  to  VI.  When  the  high 
tone  is  the  constant  tone,  the  variability  is  considerably  less. 
This  is  of  importance  for  future  experiments  in  tones  as  it  tends 
to  show  that  where  the  nature  of  the  investigation  permits  it, 
comparisons  should  be  made  with  the  higher  tone  as  the  constant 
or  standard  tone,  rather  than  the  lower. 

The  variability  for  the  separate  intensities  as  shown  by  table 
XI  is  slightly  less  for  the  medium  intensities.  How^ever,  even 
the  variability  of  the  limits,  1.50  or  plus  or  minus  .75  show  that 
the  intensities  are  still  considerably  above  the  limen.  The  table 
also  shows  that  the  value  .6  which  was  used  as  the  base  for  the 
logarithmic  series  was  well  chosen. 

According  to  this  the  limen  for  tone  intensities  should  be 
found  at  squares  of  the  multiples  of  .5  or  less,  when  distance  in 
millimeters  of  the  mouth  of  the  resonator  from  the  prongs  of  a 
tuning  fork  is  taken  as  a  measure  of  the  intensity. 

7.    Relation    Between    Variability    and    Difference  in 

Vibration  Rate 
In  table  XII  it  is  shown  that  the  accuracy  with  which  intensity 
judgments  are  made  is  not  proportional  to  the  difference  in  vibra- 
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tion  rates.  The  intensities  of  two  tones  near  each  other  in  vibra- 
tion rate  are  not  necessarily  judged  more  accurately  than  the 
intensities  of  two  tones  farther  apart.  The  factors  which  are 
involved  in  making  a  judgment  of  intensity  have  not  been  isolated 
in  these  experiments  and  imtil  they  have  been,  intensity  judg- 
ments will  be  of  a  mixed  character  in  which  both  the  tonality 
and  vocality  of  the  tones  are  involved. 

It  is  because  he  is  convinced  of  the  complex  character  of  the 
intensity  judgment,  that  the  writer  has  refrained  from  treating 
the  individual  differences  between  the  two  observers  of  this  ex- 
periment until  he  has  made  experiments  directed  toward  a  further 
analysis  of  the  tone  intensity  reaction. 

At  the  beginning  of  the  experiment  it  was  supposed  that  the 

variability  of  the  intensity  judgments  would  be  least  when  the 

difference  between  the  vibration  rates  of  the  tones  was  least, 

but  within  the  limits  of  the  vibration  differences  within  which 

this  experimental  work  lies,  it  was  found  that  the  judgments 

were  more  accurate  when  the  difference  in  vibration  rates  was 

100.     The  following  table  gives  the  variability  for  the  three 

vibration  differences  which  were  used. 

Table  XII 

Difference  in  Vibration  Rates. 
50  100  ISO 

VariabiHty  1.58  1.44  1.50 

This  shows  that  the  variability  was  greatest  when  the  differ- 
ence in  vibration  rates  was  only  50,  whereas  at  a  difference  in 
vibration  of  100,  the  variability  was  least.  Even  at  150  the 
variability  is  not  as  great  as  at  50  but  since  there  are  only  two 
combinations  out  of  the  twelve  in  which  the  difference  was  150, 
reliable  conclusions  cannot  be  drawn.  The  significant  thing  is 
that  the  variability  is  so  constant.  The  combinations  of  this 
investigation  do  not  exceed  an  octave  and  it  would  be  interest- 
ing to  know  whether  the  variability  shows  a  correlation  with 
octave  relationships  or  not. 

8.  Relation  Between  Variability  and  Consonance 
The  preceding  table  leads  to  the  idea  that  perhaps  the  varia- 
bility is  correlated  with  the  dissonance  or  consonance  of  the  in- 
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tervals  which  were  used.    Table  XIII  shows  the  variability  with 
respect  to  the  intervals. 

Table  XIII 

Ratio             1:2            2:3            3^  3;5  4:5  5:6 

Name         Octave       Fiftii       Fourth  M»j.  VI  Maj.III  Min.111 

Van             1.56           1.60           I.S3  147  1.73  Ij|6 

From  this  table  it  cannot  be  concluded  that  the  consonance  of 
the  interval  is  correlated  with  the  variability.  However,  the  data 
of  this  experiment  gave  only  two  combinations  of  forks  for  each 
interval,  and  the  effect  would  need  to  be  strong  indeed  had  it 
appeared.  From  the  impression  which  gradually  developed  dur- 
ing the  course  of  the  experiment  it  seems  probable  to  the  writer 
that  both  difference  in  vibration  rates  and  the  ratios  of  the  in- 
tervals have  an  influence  upon  the  judgments  of  the  tone  in- 
tensities. It  is  these  facts  mainly  which  led  him  to  conclude  that 
the  intensity  judgment  in  audition  is  really  a  mixed  judgment 
A  tone  may  be  judged  as  strong  as  another  tone  one  moment, 
but  presented  again  a  few  moments  later,  they  will  be  judged 
of  different  intensity. 

A  complete  analysis  of  the  tone  intensity  reaction  will  need 
much  more  experimental  data  than  is  contained  in  these  pages. 
But  the  outlook  is  promising  for  one  who  is  able  to  meet  the 
mechanical  difficulties  incident  to  the  control  of  conditions. 

9.  Notes  on  Drawings  and  Photographs 

Small  circles  about  1-16  inch  diameter,  represent  binding  posts 
or  terminals.  In  drawing  C  fig.  3,  they  represent  the  kind  of 
terminal  shown  in  detail  in  D  fig.  3. 

The  next  sized  circle,  J/^  inch  diameter  represent  sliding  con- 
tacts as  in  rheostats  or  starting  boxes. 

Double  circles,  the  outer  one  of  which  is  }i  inch  diam.  repre- 
sent regular  1 10  volt  lamp  sockets.  When  an  F  is  placed  near 
the  circles,  this  means  that  the  socket  is  used  as  a  fuse  and  carries 
a  plug  of  about  5  amperes,  no  volts,  capacity. 

All  terminals  having  the  same  numbers  are  connected  to  the 
same  wires. 

The  numbers  or  letters  on  the  photographs  refer  to  similar 
numbers  on  the  drawings  or  in  the  description. 
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The  room  in  which  the  converter  and  regulating  fork  are 
located  is  separated  from  the  experimental  room  by  a  large  hall. 
They  are  not  connected  in  any  way  except  by  the  electrical  wiring. 

These  two  rooms  might  have  been  separated  by  a  still  greater 
distance  and  it  would  then  not  have  been  necessary  to  construct 
the  silencing  hood  for  the  converter  shown  in  the  photograph. 
This  hood  drops  down  and  encloses  the  converter  when  it  is  run- 
ning, thus  reducing  the  noise  so  that  it  cannot  be  heard  in  the 
experimental  room  when  the  two  doors  which  seperate  the  rooms 
are  closed.  When  the  hood  is  down,  the  blower  also  shown  in 
the  photograph  blows  air  into  the  silencing  hood  and  against  the 
converter  to  keep  the  latter  from  heating. 
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Photograph  of  Converter  Room  and  apparatus  for  driving  tone  forks 


Enlarged  view  of  Regulating  Fork. 
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Photch;raph  of  Experimental  Room  in  which  the  tones  are  PRonicEi*. 
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Enlarged  View  of  Tone  Fork  Frame  showing  resonators 
and  tuning  forks. 
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THE  QUALITATIVE  RELATION  BETWEEN  COMPLE- 
MENTARY AND  CONTRAST  COLORS 

§  I.  Historical  summary  and  statement  of  problem. 

For  many  years  it  has  been  recognized  that  the  qualitative  re- 
lations between  colors,  in  their  "pairing  off"  as  complementaries, 
contrast  colors,  and  after-images,  are  much  more  complex  than 
they  were  supposed  to  be  at  the  time  of  the  original  formulation 
of  the  historical  color-theories.  The  essence  of  the  Hering 
theory  seems  to  demand  that  the  same  colors  which  pair  off  as 
complementaries  shall  also  contrast  with  each  other,  both  simul- 
taneously and  in  negative  after-images.  Yet,  after  Gk)ethe,  it 
was  left  primarily  to  the  followers  of  the  Hering  school  itself  to 
point  out  the  discrepancies  between  the  pairs  of  complementary 
and  those  of  contrasting  colors.  A  brief  sunmiary  of  the  results 
reached  by  previous  investigators  will  furnish  the  best  possible 
introduction  to  this  report  of  the  Wellesley  experiments. 

As  early  as  1810,  Goethe*  noted  the  most  marked  of  these 
discrepancies.  Blue  and  yellow,  when  mixed  in  the  right  pro- 
portions, give  a  single  sensation  of  colorless  light.  But  the  after- 
image of  the  same  blue — ^when  produced  under  the  ordinary 
conditions,  of  a  relatively  long  fixation  of  a  colored  surface  of 
medium  intensity — is  not  yellow,  but  orange.  Similarly,  the 
after-image  of  yellow  is  not  blue,  but  violet.  In  other  words,  the 
after-images  both  of  blue  and  of  yellow  are  redder  than  the  cor- 
responding complementaries.  Johannes  Miiller^  notes  the  same 
anomaly  in  the  case  of  simultaneous  contrast  colors,  as  observed 
in  colored  shadows. 

During  the  early  days  of  the  Hering-Helmholtz  controversy 
the  chief  question  seems  to  have  been  the  relation  between  the 
complementary  and  the  so-called  "elementary"  or  "opposite" 
colors.    According  to  Hering's  physiological  theory,  the  "Urfar- 

*Ziir  Farbenlehre,  Cotta,  Tubingen,  1810,  pp.  58  ff. 
*Handbuch  d.  Physiol,  2,  p.  373,  1837. 
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ben,"  or  introspcctivcly  "elementary"  and  "opposite"  colors,  red- 
green,  and  blue-yellow,  should  pair  off  in  exactly  the  same  way 
in  the  three  cases  of  complementary  colors,  of  negative  after- 
images, and  of  colors  induced  by  simultaneous  contrast.  As 
everyone  knows,  a  long  and  hot  discussion  raged  between  the 
Hering  and  the  Helmholtz  schools  about  Urgriin  and  Urrot, 
which,  if  "elementary,"  refuse  to  be  complementary,  and  if 
complementary,  can,  in  the  present  writer's  opinion,  be  caDed 
"elementary"  only  by  a  vigorous  stretching  of  the  introspective 
imagination.  This  intractability  of  Urgriin  and  Urroth  had  a 
two- fold  influence  on  scientific  discussion :  first,  it  served  to  dis- 
tract the  attention  of  experimenters  from  the  equally  interesting 
if  less  spectacular  behavior  of  Urgelb  and  Urblau  under  certain 
conditions;  and  second,  it  thereby  led  investigators  to  place  the 
emphasis  on  the  differences  between  "opposite"  or  "elementary" 
colors  on  the  one  hand,  and  on  the  other  either  complementary 
or  contrast  colors,  rather  than  on  the  differences  between  the 
two  last-named  themselves.  Hering*  however,  noted  that  under 
ordinary  conditions  of  daylight  adaptation  the  negative  after- 
image is  not  exactly  the  complementary  color,  but  seems  to  as- 
sume that  complementary  and  "opposite"  colors  are  the  same. 
Later*  he  drops  the  complementary  color  from  the  comparison 
when  he  says  that  the  discrepancy  between  after-image  and 
opposite  color  disappears  tmder  conditions  of  dark  adaptation. 
It  remained,  however,  for  Tschermak**  to  make  a  more  detailed 
study  of  the  various  color  relations  involved.  Tschermak's  woric, 
since  in  a  sense  it  forms  the  basis  for  the  present  study,  must  be 
outlined  in  some  detail.  As  his  title  indicates,  his  investigation 
is  concerned  with  the  relations  between  "Gegenfarben,"  or  "op- 
posite" colors,  complementary  colors,  and  contrast  colors,  though, 
like  Hering,  he  is  interested  rather  in  the  way  in  which  both 
complementary  and  contrast  colors  differ  from  "opposite"  col- 
ors, than  in  the  way  in  which  the  first  two  differ  from  each 

*Zur  Lehre  vom  Lichtsinne,  §5  44,  45,  46,  1874. 
*  Pfluger's  Arch,  f .  d.  ges.  Physiol.  43,  footnote  p.  2,  1888. 
5  Tschermak,  A.  von,  Vber  das  Verhaitnis  von  Gegenfarbe,  KompensationS' 
farbe,  und  Kontrastfarbe,  Pfliiger's  Arch.  f.  d.  gcs.  Physiol.  117,  473-497»  1907- 
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Other.  All  his  experiments  were  performed  with  rotating  disks 
of  Rothe  colored  papers  as  seen  through  two  apertures  in  a  gray 
screen  in  diffuse  daylight.  In  most  of  the  tests  the  subject  fixated 
a  point  midway  between  the  two  apertures,  so  that  the  majority 
of  the  experiments  deal  with  slightly  extra-foveal  vision.  The 
results  were  the  same,  however,  in  the  tests  made  with  direct 
fixation.  The  "opposite"  colors  could  be  determined  only  for  the 
two  pairs  of  "elementaries,"  red-green,  and  blue-yellow.  For 
each  pair  the  two  colored  disks  were  varied  until  the  subject 
declared  them  to  be  introspectively  "elementary"  and  opposite  in 
quality.  Complementary  colors  were  found  by  the  usual  method 
of  matching  a  color  mixture  to  gray,  the  color  mixture  on  one 
disk,  the  gray  on  the  other.  Contrast  color  for  Tschermak  usu- 
ally means  the  color  of  the  negative  after-image,  which  was 
determined  by  projecting  the  after-image  on  the  gray  screen  and 
matching  to  it  a  color  mixture  on  one  of  the  rotating  disks.  His 
results  were : 

1.  That  the  subjectively  opposite  colors  are  not  exactly  comple- 
mentary :  "elementary"  blue  and  yellow  are  made  complementary 
only  by  the  addition  of  a  small  amount  of  red;  "elementary"  red 
and  green  by  the  addition  of  a  considerable  amount  of  blue. 

2.  That  the  discrepancy  between  contrast  colors  and  opposite 
colors  is  in  the  same  direction  and  still  greater  in  amount;  e,g. 
(in  agreement  with  Goethe)  the  after-image  of  blue  is  orange 
(=  yellow  -j-  red),  of  green  is  purple  (==  red  +  blue)  etc.  In 
general,  that  is,  the  complementary  color,  and  still  more  the 
contrast  color,  differs  from  the  true  opposite  color  by  the  "sub- 
jective addition  of  a  certain  amount  of  red  and  of  blue."* 

Following  Hering,  Tschermak  explains  the  differences  noted 
as  due  to  the  unequal  adaptation  of  the  eye  to  the  different  colors, 
under  conditions  of  ordinary  daylight  adaptation.  He  supposes 
that  the  daylight  adapted  eye  is  in  reality  adapted  to  purple  (red- 
blue),  and  therefore  that  the  complementary  and  contrast  colors 
take  on  a  purplish  caste  as  compared  with  the  true  opposites. 
Just  how  or  why  this  purplish  adaptation  takes  place  in  ordinary 
daylight  is  not  quite  clear.  Tschermak  explains  it  as  due  ( i )  to 
•o/».  fi7.,  p.  487. 
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the  (physical?)  color  of  the  daylight  itself;  (2)  to  the  selective 
absorption. of  the  diasclerotic  light  by  the  pigment  of  the  leos, 
retinal  epithelium,  macula,  and  possibly  visual  purple.  Whether 
these  conditions  can  really  cause  an  appreciable  purplish  adapta- 
tion of  the  eye  must  be  left  to  the  decision  of  the  physicists  and 
physiologists. 

A  second  criticism  or  question  which  suggests  itself  to  the 
writers  is  in  regard  to  the  physiological  process  by  which  (ac- 
cording to  the  Hering  or  any  other  color  theory)  adaptation  to 
any  color  could  have  just  the  effect  ascribed  to  it  during  adapta- 
tion. Tschermak  quotes  as  substantiating  his  theory  previous 
work  of  Hess,^  in  which  the  latter  shows  that  fatigue  for  or 
partial  adaptation  to  a  given  color  makes  any  other  color,  seen 
immediately  afterward,  tend  to  take  on  a  tinge  of  the  comple- 
mentary of  the  original  color.  Tschermak  therefore  argues  tbat 
adaptation  to  a  given  color  would  have  just  the  opposite  effect 
on  the  after-image  of  another  color,  i.e.,  would  tend  to  make  it 
take  on  a  tinge  of  the  adaptation  color.  For  example,  Hess 
shows  that  fatigue  for  (or  partial  adaptation  to)  red  makes  a 
blue  seen  immediately  afterward  look  greenish.  The  after- 
image of  that  greenish-blue  might  then  conceivably  look  more 
reddish  than  the  after-image  of  the  same  blue  under  conditions 
of  neutral  adaptation.  But  even  if  this  be  the  .case,  it  does  not 
necessarily  account  for  the  reddish  tone  of  the  after-image  of 
blue  in  the  experiments  of  Tschermak  and  others.  For  Hess 
was  experimenting  with  colors  as  seen  after  fatigue  for  a  given 
color,  Tschermak  with  vision  during  adaptation  to  ordinary  day- 
light, which  he  supposes  to  be  really  adaptation  to  purplish  light 
And  how  far  the  two  conditions  are  comparable  seems  to  the 
writers  to  be  extremely  questionable.  Moreover,  whatever  effect 
adaptation  may  have  on  the  quality  of  the  after-image,  unless  the 
illumination  is  very  appreciably  altered,  it  should  not  influence 
the  quality  of  the  complementary  color,  as  determined  by  color 
equations.  For,  unless  psychologists  have  been  mistaken  about 
the  laws  of  color  mixture,  adding  the  adaptation  color  (or  its 

*  Vber  die  Tonanderung  der  Spektralfarhen  durch  Ermudung  mit  'Jiomo- 
genem  Licht,  Arch.  f.  Ophth.  36,  1-32,  1890. 
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complementary)  to  both  of  the  mixtures  forming  the  equation 
should  not  alter  the  validity  of  the  equation.® 

Tschermak  tests  his  hypothesis,  however,  by  experiments  with 
artificial  adaptation,  in  which  he  finds  a  reversal  of  the  anomaly 
under  conditions  of  adaptation  to  yellowish-green.  It  is  to  be 
regretted  that  these  experiments  either  are  so  few  or  are  so  in- 
adequately reported.  The  actual  results  given  in  the  tables  show 
only  two  tests:® 

1.  On  March  27  the  subject  was  adapted  to  yellowish-green  by 
wearing  glasses  of  that  color  for  half  an  hour  before  and  during 
the  experiment.  ^*Urblau"  was  determined,  also  its  complement- 
ary, which  was  found  to  be  "schwach  gninlich  gelb." 

2.  On  April  30,  with  the  same  yellowish-green  adaptation, 
"Urblau"  was  found,  and  its  negative  after-image,  which  was 
"grunlich  gelb." 

These  two  tests  with  a  single  subject  seem  rather  scanty  justi- 
fication for  Tschermak*s  conclusion  that  "die  Kompensations- 
farbe  (complementary  color)  weicht  von  der  Gegenfarbe  durch 
Addition  eines  bestinmiten  Betrages  der  Adaptionsfarbe  ab. 
Weit  betrachtlicher  ist  die  Addition  von  gleichf  arbiger  Erregung 
im  Nachbildprocesse,  in  der  Kontrastfarbe."*®  And  not  only  are 
these  tests  insufficient  in  extent,  but  the  numerical  data  given 
lead  one  to  question  Tschermak's  interpretation  of  them.  One 
suspects  that  the  subject's  adaptation  to  his  yellowish-green 
glasses  was  not  complete,  since  the  chief  difference  between  the 
results  with  and  those  without  artificial  adaptation  lies  in  the 
determination  of  "Urblau."  With  normal  adaptation  the  subject 
judged  as  introspectively  "Urblau"  a  color  made  up  of  blue  and 
green  papers  in  the  proportion  of  4.2  :i  (average  of  5  determina- 
tions).** With  yellowish-green  adaptation  the  corresponding 
proportion  is  10:1  (average  of  2  determinations).  In  other 
words,  the  blue  which  looked  "elementary"  to  him  under  normal 

•C/.  tlw  "third  law  of  color  mixture."    Titchcncr,  E.  B.,  Students'  Manual 
Qualitative,  p.  5,  1901. 
*  Tschermak,  op,  cit..  Table  III  in  Appendix. 
*a/».  cit.,  p.  490. 
"  Op.  cit.,  table  i. 
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conditions,  looked  a  greenish  blue  through  the  yellowish-green 
glasses,  even  after  he  had  worn  the  latter  for  half  an  hour.  And 
the  blue  which  he  calls  truly  "elementary"  under  these  conditions 
looked  purplish  to  him  under  normal  adaptation  conditions. 
Small  wonder,  then,  that  the  complementary  and  contrast  colors 
of  the  second  blue  are  a  more  greenish  yellow  than  those  of  the 
first  For  this  greenish  caste  of  both  the  complementary  and  the 
contrast  yellow  is  obviously  due,  not  to  the  artificial  adaptation 
of  the  eye  to  the  yellowish-green  light,  but  to  the  more  purplish 
quality  of  the  Urblau  determined  under  these  conditions. 

The  judgment  seems  inevitable,  therefore,  that  Tschermak's 
actual  results,  while  they  established  the  fact  that  under  normal 
conditions  both  complementary  and  contrast  colors  tend  to  be 
more  purplish  than  the  true  "opposite"  colors,  nevertheless  do  not 
justify  his  theoretical  conclusion  that  these  discrepancies  are  due 
to  the  purplish  adaptation  of  the  eye  in  ordinary  daylight  A 
further  testing  of  this  conclusion  was  one  of  the  objects  of  the 
Wellesley  experiments. 

The  main  purpose  of  these  experiments,  however,  was  the 
study  of  that  phase  of  the  subject  which  had  been  touched  only 
incidentally  by  other  investigators,  namely  the  qualitative  rela- 
tion between  complementary  and  contrast  colors.  Tschermak, 
following  Hering,  laid*  the  emphasis  on  the  differences  between 
opposite  colors  and  complementaries,  and  referred  only  incident- 
ally to  the  quality  of  the  contrast  color,  contenting  himself  with 
the  statement  that,  when  the  complementary  colors  vary  from 
the  true  "opposites,"  the  contrast  colors  vary  "in  the  same  di- 
rection" or  "still  more."  His  numerical  data,  however,  often 
show  appreciable  differences  between  contrast  and  complementary 
colors,  and  thus  agree  with  the  experimental  observations  in  the 
Wellesley  laboratory  which  originally  led  the  writers  to  take  up 
this  problem.  These  observations  were  made  during  several 
years'  experience  in  routine  color  experiments,  and  seemed  to 
show  that  the  difference  in  quality  between  those  colors  which  are 
complementary  to  each  other,  and  those  which  induce  each  other 
by  contrast,  either  simultaneous  or  successive,  is  much,  greater 
than  is  usually  realized.    This  is  especially  true  in  the  case  of 
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blue  and  yellow.  The  most  accurate  student-observers  in  the 
laboratory  found  consistently  (in  agreement  with  Goethe  and 
Johannes  Miiller)  that  the  contrast  color  of  yellow  is  violet,  not 
blue,  and  that  the  contrast  color  of  blue  is  a  very  reddish  orange 
instead  of  yellow.  The  two  main  problems  of  these  experiments 
may,  then,  be  stated  as  follows: 

First:  To  determine  the  qualitative  relation  between  comple- 
mentary and  contrasting  colors. 

Second:  To  determine  the  dependence  of  this  relation  on  the 
conditions  of  adaptation. 

A  third  problem  might  be  stated  as  a  by-product  of  the  first, 
namely,  the  dependence  of  this  relation  on  the  brightness  differ- 
ence between  contrast-inducing  and  contrast-suffering  surfaces. 
The  results  bearing  on  the  last  point,  however,  though  they  will 
be  reported  in  the  text  below,  are  not  complete  enough  to  be  of 
more  than  incidental  interest. 

§  2.  General  Method  of  Experiments. 

The  main  problem,  as  stated  above,  is  the  relative  quality  of 
those  pairs  of  colors  which  are  complementary  to  each  other, 
and  those  which  induce  each  other  by  contrast,  either  simultane- 
ous or  successive.  The  exact  quality  of  the  n^ative  after-image 
is  very  hard  to  determine,  so  that  in  most  of  our  experiments  we 
confined  our  attention  to  the  simultaneous  contrast  color.  The 
method,  then,  consists  essentially  in  determining  as  accurately  as 
possible  the  quality  of  the  complementary,  the  simultaneous  con- 
trast, and,  in  a  few  cases,  the  negative  after-image  of  a  given 
color,  and  in  comparing  with  each  other  the  results  thus  obtained. 
All  experiments  were  made  with  reflected  lights — revolving  disks 
of  Hering  colored  papers  seen  in  diffuse  (north-west)  daylight. 
It  seems  unnecessary  to  describe  in  detail  the  methods  used  for 
determining  complementary  and  contrast  colors,  since  these  took 
the  orthodox  form  of  making  color-equations.^^  In  most  of  the 
tests  the  matches  were  made,  as  by  Tschermak,  with  slightly 
excentric  fixation.    The  two  disks  to  be  matched  ("large"  size, 

**C/.,  Titchencr's  Experimental  Psychology,  Students^  Manual  Qualitative, 
pp.  6-7,  and  17. 
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# 
9.6  cm.  radius ;  "small"  size,  5.5  cm.  radius)  were  set  up  on  two 

rotating  pivots  32  cm.  apart,  with  a  fixation  point  midway  be- 
tween them.  The  subject  sat  at  a  distance  of  2  meters.  The 
angle  of  eccentricity  was  therefore  4°3S'.  Complementary  colors 
were  found  by  matching  a  color  mixture  on  one  disk  to  a  black- 
white  mixture  on  the  other,  both  disks  large  size.  In  the  determi- 
nation of  the  contrast  color  a  small  disk  of  black,  white,  and  the 
necessary  colors  was  matched  to  the  color  taken  on  by  a  black- 
white  contrast  ring  on  a  large  colored  disk.  The  contrast  rings 
were  1.8  cm.  wide,  inside  radius  4.7  cm.  The  brightness  of  the 
contrast  ring  was  equal  to  that  of  the  colored  background,  as 
determined  by  the  flicker  method,^*  in  all  tests  except  those  of 
groups  I  and  II,  which  were  especially  designed  to  test  the  effect 
of  variations  of  brightness  on  the  quality  of  the  contrast  color. 
The  subjects  serving  in  the  experiments  were  seven  in  all: 
three  trained  in  general  experimental  work,  C.  and  K.,  the  writers 
of  this  report,  on  whom  the  large  body  of  the  experiments  was 
made,  and  R,  a  Wellesley  College  Senior,  who  was  at  the  time 
taking  her  third  course  in  experimental  psychology;  and  Ac 
four  untrained  subjects,  D.,  H.,  Ke.,  and  M.,  undergraduates  in 
a  first  course  in  experimental  psychology.^*  None  of  the  sub- 
jects was  especially  practiced  in  color  observations.  K.  was  ex- 
perimenter in  all  tests  except  those  made  on  herself,  and  a  few 
on  the  observer  F.  These  tests  were  conducted  by  C.  These 
two  main  subjects,  C.  and  K.,  knew  of  necessity  the  purpose  and 
method  of  the  experiments.  They  took,  however,  every  possible 
precaution  to  keep  themselves  uninfluenced  by  expectation,  in- 
cluding that  of  examining  no  results  of  any  subject  until  the 
entire  series  of  tests  was  complete.    The  subject  F.  knew  of  the 

''Criticisms,  from  the  laboratories  of  Oark  and  Bryn  Mawr  Universities 
(iirst  communicated  to  the  writers  orally.  For  published  results  see  the 
Psych.  Rev.  22,  191 5,  1 10-162),  liave  not  been  overlooked,  but  the  mediod 
was  used  for  lack  of  a  better  one.  Since  the  experiments  of  Groups  I  and 
II  seem  to  indicate  that  the  brightness  of  the  contrast  ring  has  very  little, 
if  any,  effect  on  the  quality  of  the  contrast  color,  which  is  the  point  at  issue 
in  these  tests,  any  inaccuracies  in  the  method  of  equatmg  brightnesses  prob- 
ably do  not  seriously  affect  the  validity  of  the  results. 

**To  these  student  subjects  the  writers  take  diis  opportunity  of  txpresskog 
their  sincere  thanks  for  the  time  and  patience  devoted  to  the  work. 
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purpose  and  plan  of  the  work  only  in  the  most  general  way, 
and  the  four  untrained  subjects  were  entirely  "without  knowl- 
edge." It  is  needless  to  add  that  all  other  usual  laboratory  pre- 
cautions were  observed,  such  as  eliminating  time  and  space  errors 
by  a  compensating  order  of  tests,  etc.  Minor  variations  of 
method  for  special  purposes  will  be  described  in  connection  with 
the  different  groups  of  experiments,  and  the  special  method  used 
for  the  determination  of  the  color  quality  of  the  negative  after- 
image, used  in  the  tests  of  group  V,  will  be  given  with  the  dis- 
cussion of  that  group. 

The  tests  made  fall  into  the  following  main  groups : 
Groups  I  and  II:  to  determine  the  general  qualitative  relation 
between  the  complementary  and  contrast  colors,  and  the  de- 
pendence of  this  relation  on  the  brightness  of  the  contrast  ring, 
and  on  eye-movement. 
Groups  III  and  IV :  the  influence  of  artificial  adaptation  to  dif- 
ferent colors  on  the  quality  of  the  complementary  and  of  the 
contrast  colors. 
Group  V :  supplementary  tests  with  untrained  subjects :  the  rela- 
tion between  complementary,  simultaneous  contrast,  and  neg- 
ative after-image  colors. 

§3.  Experiments.    Group  I. 

The  experiments  of  this  group  were  in  several  respects  rather 
rough  tests,  and  should  therefore  be  considered  as  preliminary. 
The  results  are  given  here  for  two  reasons :  first,  because  so  far 
as  the  methods  used  agree,  these  results  are  essentially  the  same 
as  the  findings  of  later,  more  careful  experiments;  and  second, 
because  the  tests  of  this  group  and  of  group  II  include  some  ma- 
terial not  found  in  the  later  work.  At  the  outset  we  hoped  to  be 
able  to  solve  simultaneously  two  problems :  the  primary  problem 
of  the  relation  of  contrast  colors  to  complementary  colors,  and 
the  secondary  one  of  the  possible  dependence  of  the  quality  of  the 
contrast  color  on  the  brightness  of  the  black  and  white  contrast 
ring  in  comparison  with  its  colored  background.  Later,  for 
various  reasons,  this  second  problem  was  dropped.  The  tests  of 
this  and  the  following  group  are  therefore  the  only  ones  in  which 
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contrast  rings  of  varying  degrees  of  brightness  were  used.  The 
observers  of  this  group  were  three,  C,  K.  and  F.  For  each  of 
these  subjects  a  determination  was  made  of  the  complementary 
and  the  simultaneous  contrast  colors  of  Hering  red,  yellow, 
green,  and  blue,  and  of  the  Milton-Bradley  yellow.  This  last 
color  was  included  because  for  most  observers  it  is  almost  the 
exact  complementary  of  the  Hering  blue,  while  the  Hering  yel- 
low is  apparently  somewhat  too  greenish.  The  difference  be- 
tween complementary  and  contrast  colors  comes  out  therefore 
especially  strongly  by  using  the  Hering  blue  and  Milton-Bradley 
yellow  papers,  as  will  be  seen  from  an  examination  of  the  results 
in  the  following  table.  With  the  one  exception  of  the  Milton- 
Bradley  yellow  all  papers  used  are  the  Hering  standard  colors. 
The  first  column  on  the  left  gives  the  color  whose  complementarj' 
and  contrast  colors  are  being  determined.  The  next  column 
shows  the  varying  amounts  of  white  in  the  contrast  ring.  The 
rest  of  the  ring  was  black.  Then  follows  for  each  of  the  three 
observers  the  relative  amounts  of  the  two  primary  colors  needed 
to  make  the  complementary,  and  the  relative  amounts  of  the 
same  (or  different)  two  colors  needed  to  match  the  apparent 
color  of  the  contrast  ring.  In  the  last  column  for  each  observer 
is  stated  the  direction  of  the  difference  between  complementary 
and  contrast  colors.  This  form  seems  the  most  convenient  one 
for  a  comparison  of  results.  For  example,  if  for  observer  C.  the 
average  complementary  color  equation  is  52*^6  +  I40°R  + 
i68°G  =  88°W  -f  272°N  (black),  then  the  complementary  of 
red  lies  between  blue  and  green  in  the  proportion  of  52  of  the 
former  to  168  of  the  latter,  or  the  ratio  of  blue  to  green  is  0.31. 
The  equations  for  the  contrast  colors  are  treated  similarly.  For 
observer  C.  the  color  induced  by  a  ring  of  40°  white  plus  320° 
black  on  a  red  disk  is  matched  by  a  disk  composed  of  g.S^B  + 
I9.5°G  +  22.5°W  +  308.5  N.  The  contrast  color  is  therefore 
an  unsaturated  bluish  green,  in  which  the  blue  and  green  appear 
in  the  proportions  of  9.5  iiQ-S,  or  0.49.  The  table  of  results 
follows : 
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Each  of  the  values  given  in  this  table  is  an  average  of  only  two 
determinations.*"  Small  variations  are  therefore  of  no  signifi- 
cance/^ but  the  general  tendency  is  unmistakable,  and  is  in  agree- 
ment with  the  findings  of  Tschermak.  In  all  cases,  for  all  three 
observers,  the  contrast  color  has  a  tendency  to  be  either  redder 
or  bluer  than  the  complementary.  The  only  exception  is  the 
second  value  given  for  the  contrast  of  R.  with  the  subject  K, 
where  the  difference  involved  is  so  slight  as  to  be  without  signifi- 
cance. The  divergence  between  contrast  and  complementary 
color  is,  however,  much  more  striking  with  yellow  and  blue  than 
it  is  with  red  and  green.  Indeed,  it  practically  disappears  for 
both  red  and  green  in  the  case  of  the  observer  iC,  and  for  green 
with  observer  F.  For  blue  and  yellow,  on  the  other  hand,  it  is 
marked  for  all  observers,  so  much  so  that  the  contrast  color  of 
blue  is  orange,  or  reddish-orange,  rather  than  yellow,  and  the 
contrast  of  yellow  is  violet.  And  this  is  true  in  spite  of  the  fact 
that  blue  and  Milton-Bradley  yellow  are  exactly  complementary 
for  one  observer,  and  are  made  so  for  the  other  two  observers  by 
the  addition  of  a  very  slight  amount  of  green.  Hering  yellow, 
as  noted  above,  needs  to  be  changed  by  the  addition  of  a  slight 
amount  of  red  to  make  it  complementary  to  the  Hering  blue,  but 
very  much  more  red  must  be  added  before  it  matches  the  contrast 
color  induced  by  the  same  blue. 

So  far,  then,  these  preliminary  experiments  substantiate 
Tschermak's  results  that  the  contrast  color  is  redder  or  bluer 
than  the  complementary,  and  add  to  his  conclusions  that  the  dif- 
ference is  large  in  the  case  of  blue  and  of  yellow,  while  usually 
very  small  for  red  and  for  green.  Later  experiments  (Groups 
III  and  IV)  were  designed  to  test  Tschermak's  explanation  of 
the  difference  as  due  to  the  (supposedly)  purplish  adaptation  of 
the  eye  in  ordinary  daylight.  Before  passing  on  to  those,  how- 
ever, it  may  be  worth  while  to  devote  a  little  space  to  the  other 
two  questions  to  which  the  present  group  of  experiments  was 

^  For  this  reason  and  because  of  the  preliminary  liature  of  the  tests,  mean 
variations  are  not  given. 

'*  Parentheses  in  the  table  indicate  differences  between  contrast  and  Gomple- 
mentary  colors  which  are  certainly  too  small  to  be  significant 
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designed  to  give  at  least  tentative  answers.    Those  questions  are : 

First,  does  the  quality  of  the  contrast  color  vary  with  varia- 
tions in  the  brightness  of  the  contrast  ring? 

Second,  does  the  amount  of  contrast  induced  vary  with  the 
brightness  of  the  ring;  in  other  words,  is  it  true  that  "the  con- 
trast effect  is  greatest  when  there  is  no  simultaneous  light 
contrast"  ?^^ 

The  first  of  these  questions  was  suggested  by  the  nature  of 
our  problem  itself;  the  second  arose  out  of  the  fact  that  our 
laboratory  students,  using  Professor  Titchener's  manual  and 
textbook,  had  often  been  troubled  by  finding  their  experimental 
results  not  in  accord  with  this  "third  law  of  contrast"  as  quoted 
above,  and  this  opportunity  for  testing  the  law  seemed  too  good 
a  one  to  be  passed  by.  Unfortunately,  however,  owing  to  a 
mistake  of  the  experimenters,  the  variations  in  brightness  of  the 
contrast  rings  were  not  distributed  evenly  on  either  side  of  the 
zero  point,  or  point  of  no  brightness  contrast.  The  arrows  in  the 
second  column  of  the  table  already  given  (p.  15)  indicate  the 
points  at  which  brightness  contrast  between  gray  ring  and  col- 
ored background  has  been  eliminated,  as  tested  by  the  flicker 
method.^®  Owing  probably  to  this  defect,  or  else  to  the  small 
number  of  tests  made  for  each  average,  or  possibly  to  real  indi- 
vidual differences,  the  results  for  the  three  subjects  agree  in  their 
answers  to  neither  of  the  questions  stated  above. 

In  regard  to  the  first  question,  the  dependence  of  the  quality  of 
the  contrast  color  on  the  brightness  of  the  contrast  ring  in  rela- 
tion to  the  brightness  of  the  inducing  background,  the  results 
are  as  follows : 

For  the  subject  C. :  the  anomaly  {i,e.,  the  difference  between 
contrast  and  complementary  colors)  is  greatest  where  there  is 
least  brightness  contrast  in  the  cases  of  the  colors  blue,  green, 
and  Hering  yellow.  With  red  the  anomally  is  greatest  with  the 
lighter  contrast  rings.  Milton-Bradley  yellow  shows  irregular 
results. 

For  the  subject  K. :  the  anomaly  is  greatest  with  the  elimina- 

**  Titchcner,  E.  B.    Text-Book  of  Psychology,  1909,  p.  76. 
*■  C/.  a'bovc,  p.  12,  footnote. 


Digitized  by 


Google 


i8  H,  D.  COOK  AND  F,  M.  KUNKEL 

tion  of  brightness  contrast  for  the  colors  blue  and  Milton-Bradley 
yellow.  Hering  yellow  shows  only  slight  variations  for  the  dif- 
ferent brightnesses,  and  for  this  subject  the  anomaly  practically 
disappears  with  red  and  green. 

For  the  subject  F. :  the  results  are  too  irr^ular  to  allow  of 
any  generalizations. 

The  only  possible  conclusion,  therefore,  seems  to  be  that  there 
is  a  slight  tendency  for  the  difference  between  contrast  color  and 
complementary  to  increase  with  a  decrease  in  the  brightness  con- 
trast between  contrast  rmgs  and  background.  In  spite  of  the 
indefiniteness  of  this  statement,  however,  the  f  ^ct  must  be  empha- 
sized that  with  all  three  subjects,  for  the  colors  blue  and  yellow 
where  the  difference  between  contrast  color  and  complementary 
is  marked,  that  difference  is  independent  of  any  variation  in  the 
brightness  of  the  constant  ring.  The  amount  of  the  anomaly 
varies  somewhat  for  the  different  brightnesses  of  the  gray  ring, 
but  it  never  disappears  and  is  never  reversed,  and  the  variations 
themselves  are  relatively  slight  when  compared  with  the  laige 
differences  between  contrast  and  complementary  colors.  What- 
ever the  brightness  of  the  contrast  ring,  the  contrast  color  of 
blue  is  always  orange,  and  the  contrast  of  yellow,  violet.  The 
conclusion  seems  justified,  then,  that  the  difference  between  con- 
trast and  complementary  colors,  at  least  in  the  cases  of  blue  and 
of  yellow,  is  independent  of  any  difference  in  brightness  between 
contrast-inducing  and  contrast-suffering  surfaces. 

With  regard  to  the  second  question  stated  above,  the  depend- 
ence of  the  amount  of  contrast  color  on  the  presence  or  absence 
of  simultaneous  brightness  contrast,  the  results  are  somewhat  ir- 
regular, but  are  in  general  in  at  least  partial  agreement  with  the 
generally  accepted  law  that  color  contrast  is  greatest  when  bright- 
ness contrast  is  eliminated.  The  amount  of  contrast  is  obtained 
by  adding  together  the  number  of  degrees  of  contrast  color  in  the 
original  equations  obtained.     This  gives  the  following: 
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Table  II 

Degrees 

Amount  of  Contrast 

of  W 

Contrast 

Color 

in  contr. 
ring 

color 

C 

K 

F. 

R 

40 

G  +  B 

29.0 

25.5 

9.5 

60 

50.5 

34.0 

8.0 

80 

70.0 

25.0 

5.0 

100 

73.5 

30.0 

14.0 

Y 

200 

B  +'R 

132.7 

62.4 

50.5 

(M.B.) 

220 

1364 

6&3 

53.5 

240 

136.3 

69.3 

66.0 

260 

137.7 

81.3 

78.0 

Y 

200 

B  +  R 

1 14.5 

76.0 

1 16.0 

(H.) 

220 

132.5 

77.5 

92.0 

240 

146.S 

88.5 

134.5 

260 

147.0 

88.0 

123.0 

<- 

G 

100 

R+  B 

92.0 

46.0 

80.0 

120 

1 19.0 

54.0 

71.3 

140 

1 14.0 

53.0 

82.0 

160 

101.5 

52.0 

89.S 

B 

<-8o 

Y  (M.B.) 

95.0 

64.5 

70.5 

(with 

100 

+  R 

108.0 

75.0 

73.0 

M.B.) 

120 

100.0 

78.5 

79.5 

Y) 

140 

108.5 

68.0 

88.5 

B 

<-8o 

Y   (H.) 

108.5 

76.0 

65.0 

(with 

100 

+  R 

1 14.0 

82.5 

99.5 

H. 

120 

103.5 

74.0 

121.5 

Y) 

140 

III.O 

73.0 

81.0 

The  abbreviations  here  are  the  same  as  those  already  used  in 
Table  I.  Again  the  arrow  in  column  2  indicates  the  point  at 
which  brightness  contrast  between  gray  ring  and  colored  back- 
ground is  eliminated.  The  law  of  greatest  color  contrast  when 
brightness  contrast  is  eliminated  seems  to  hold  here  only  to  a 
certain  extent.  It  is  apparently  partially  counteracted  by  another 
tendency,  namely,  for  the  lighter  rings  to  suffer  greater  contrast 
effect  than  the  darker  ones.  Owing  to  the  faulty  nature  of  the 
brightness  series  for  the  different  colors,  the  two  laws  (if  the 
second  tendency  may  be  called  a  law)  sometimes  work  together 
and  sometimes  cut  across  each  other.  The  relative  strength  of 
the  two  laws,  and  indeed  the  existence  of  the  second  tendency 
as  a  general  law,  can  be  determined  only  by  further  experiments 
planned  for  the  purpose. 
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§  4.  Experiments.    Group  II. 

In  the  experiments  of  Group  I,  Tschermak's  method  in  regard 
to  the  use  of  a  fixation  point  was  not  followed,  but  the  eyes  of 
the  observer  were  allowed  to  move  freely  from  one  disk  to  the 
other  as  he  formed  his  judgments.  Tschermak  suggests  that 
with  free  eye-movement  after-images  may  set  in  and  influence 
the  results.  Accordingly,  in  Group  II  the  experiments  of  Group 
I  were  repeated  with  no  other  change  than  the  introduction  of  a 
fixation-point  midway  between  the  two  disks,^*  and  thereby  the 
elimination  of  eye-movement.  The  results  are  so  very  similar  to 
those  already  reported  in  the  experiments  of  Group  I  that  it 
seems  useless,  especially  in  the  case  of  such  rough  tests,  to  give 
them  in  detail.  They  show  the  same  main  conclusion  as  that 
reached  in  the  preceding  experiments,  namely,  that  the  contrast 
color  is  always  either  redder  or  bluer  than  the  complementary. 
The  difference  is  striking  for  blue  and  for  yellow,  often  ratiier 
insignificant  for  red  and  for  green.  The  only  case  where  the 
two  sets  of  results  are  at  variance  is  in  the  case  of  the  color 
green  for  the  subject  C.  In  Table  I  for  this  subject  the  contrast 
color  of  green  is  a  purple  somewhat  bluer  than  the  complement- 
ary ;  in  the  present  group  of  experiments  it  is  slightly  redder.  It 
will  be  noted,  however,  that  in  Table  I  for  both  the  other  ob- 
servers the  color  green  gives  irregular  results,  the  contrast  color 
being  sometimes  redder,  sometimes  bluer  than  the  complementary. 
This  is,  of  course,  exactly  what  one  would  expect  if,  as  Tscher- 
mak concludes,  and  as  our  results  seem  to  indicate,  the  physi- 
ologically induced  contrast  of  any  color  has  a  tendency  to  take  on 
a  more  purplish  tone  than  the  complementary.  Since  the  comple- 
mentary of  the  Hering  green  is  itself  purple,  its  contrast  should 
be  the  same  color,  and  the  irregular  variations  in  the  direction  of 
red  or  of  blue  are  very  probably  due  to  accidental  variations  not 
eliminated  in  these  rough  tests. 

The  main  conclusion  of  these  two  groups  of  experiments  is, 
then,  that  both  in  the  case  of  foveal  fixation  of  the  colors  to  be 
compared,  with  free  eye-movement  (Group  I),  and  in  that  of 
the  elimination  of  eye-movement  with  slightly  extra-f  oveal  vision 

i»  Cf,,  above,  p  7. 
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(Group  II),  the  contrast  color  tends  to  diverge  from  the  comple- 
mentary in  the  direction  of  purple,  with  the  result  that  the  con- 
trast colors  of  blue  and  of  yellow  are  much  redder  than  their 
respective  complementaries,  the  contrast  of  red  is  somewhat 
bluer  than  its  complementary,  and  the  contrast  of  green  is  ap- 
proximately the  same  as  its  complementary.  The  results  are 
thus  far  in  full  agreement  with  those  of  Tschermak,  though,  as 
already  noted,  his  emphasis  was  on  the  difference  between  "op- 
posite" color  and  complementary,  rather  than  on  that  between 
complementary  and  contrast  color. 

Before  taking  up  the  experiments  testing  Tschermak's  expla- 
nation of  the  anomaly,  brief  mention  may  be  made  of  the  results 
of  the  present  group  of  experiments  in  regard  to  the  two  other 
questions  under  consideration  in  this  and  the  preceding  group, 
viz. :  the  dependence  of  the  quality  and  of  the  amount  of  contrast 
color  on  the  presence  or  absence  of  simultaneous  brightness  con- 
trast. The  results  of  this  group  of  experiments  show  somewhat 
greater  irregularities  than  those  of  Group  I,  the  simple  explana- 
tion probably  lying  in  the  fact  that  none  of  the  three  subjects 
tested  had  had  any  particular  practice  in  the  difficult  task  of  look- 
ing at  one  thing  while  paying  attention  to  another.  The  judg- 
ments with  a  fixation-point  midway  between  the  two  disks  to  be 
compared  were,  therefore,  more  difficult  and  were  made  with 
much  less  subjective  certainty,  in  these  early  experiments,  than 
in  the  tests  without  the  fixation-point.  Gradually,  however,  all 
the  subjects  grew  more  and  more  accustomed  to  the  unnatural 
conditions  of  the  experiment,  and  in  the  tests  of  the  later  groups 
the  two  subjects  who  served  throughout,  C.  and  K.,  thought  the 
judgments  with  the  fixation-point  fully  as  easy  if  not  easier  than 
those  where  free  eye-movement  was  allowed. 

So  far  as  the  values  of  the  contrast  color  for  the  different 
brightnesses  of  the  gray  ring  show  any  regularity,  they  agree 
with  the  results  of  the  experiments  of  Group  I:  the  anomaly 
shows  some  tendency  to  increase  with  decrease  in  brightness  con- 
trast between  contrast-inducing  and  contrast-suffering  surfaces. 
The  values  are,  however,  too  irregular  to  justify  any  detailed 
treatment. 
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The  amount  of  contrast  induced  for  the  different  brightnesses 
of  the  contrast  ring  seems  to  depend  on  the  combined  effect  of 
the  two  tendencies  already  noted  in  Group  I  (p.  19).  The  first 
tendency  is  that  expressed  by  the  standard  law  of  greatest  color 
contrast  where  there  is  no  simultaneous  brightness  contrast  The 
second  tendency  is  for  the  lighter  gray  rings  to  suffer  more 
contrast  than  the  darker  ones.  The  first  tendency  seems  to  be 
especially  strong  with  observer  C,  the  second  with  observer  K. 
Whether  this  is  a  real  individual  difference  or  is  due  to  accidental 
variation ;  in  fact,  whether  or  not  the  second  "tendency"  noted 
above  is  a  real  law,  could  be  tested  only  by  further,  more  exact 
experiments.  The  problem  was  dropped  at  this  point  in  order 
that  sufficient  time  might  be  devoted  to  the  question  of  the 
quality  of  the  contrast  color,  and  to  a  testing  of  Tschermak's 
explanation  of  its  deviation  from  the  complementary. 

Thus  the  conclusions  reached  by  the  experiments  of  Groups 
I  and  II  are  as  follows : 

1.  That  the  color  induced  by  simultaneous  contrast,  for  the 
three  primary  colors,  red,  blue,  and  yellow,  is  not  the  same  as 
the  complementary  color.  The  contrast  color  of  red  is  some- 
what bluer  than  the  complementary,  and  the  contrast  colors  of 
blue  and  of  yellow  are  much  redder  than  their  respective  comple- 
mentaries.  That  of  green,  on  the  other  hand,  is  approximately 
the  same  as  its  complementary.  This  may  be  expressed  by  say- 
ing, with  Tschermak,  that  the  contrast  color  tends  to  be  more 
purplish  in  tone  than  the  complementary. 

2.  That  the  direction,  and  to  a  large  extent  the  amount  of  the 
anomaly,  is  independent  of  brightness  contrast  between  contrast- 
inducing  and  contrast-suffering  areas.  If  anything,  the  anomaly 
is  greatest  when  brightness  contrast  is  least. 

3.  That  the  amount  of  contrast  induced  on  the  gray  ring 
seems  to  depend  on  the  simultaneous  operation  of  two  tendencies  : 
(a)  for  the  color  contrast  to  be  greatest  when  brightness  ccHitrast 
is  eliminated;  (6)  for  the  lighter  gray  rings  to  be  more  subject 
to  contrast  effects  than  the  darker  ones. 

4.  That  the  above  conclusions  apply  equally  to  foveal  vision 
with  free  eye-movement,  and  to  slightly  extra-foveal  vision  with 
eye-movement  eliminated. 
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§  5.  Experiments.    Group  III. 

As  noted  in  §  i,  the  tendency  toward  purple  shown  by  both 
complementary  colors  and  negative  after-images  in  comparison 
with  "opposite"  colors  was  explained  by  Tschermak,  following 
Hering  and  Hess,  as  due  to  the  purplish  adaptation  of  the  eye 
in  ordinary  daylight,  and  this  hypothesis  was  tested  by  experi- 
ments with  artificial  adaptation,  which  have  already  been  criti- 
cised.^^ Whether  such  an  explanation  could  account  for  the 
similar  difference,  noted  but  unemphasized  by  Tschermak,  be- 
tween complementary  and  contrast  colors,  was  the  next  problem 
which  presented  itself  for  our  consideration.  If  the  adaptation 
hypothesis  is  correct,  the  anomaly  in  case  of  the  colors  yellow 
and  blue  should  increase  with  artificial  adaptation  to  red  or 
purple,  and  should  decrease  or  be  reversed  with  adaptation  to 
green  or  yellow-green.  For  the  color  red,  the  anomaly  should 
increase  with  adaptation  to  blue  or  purple,  and  should  decrease 
or  be  reversed  with  adaptation  to  yellow  or  yellow-green.  For 
the  color  green  the  existence  of  the  anomaly  (i.e.,  a  difference  in 
quality  between  complementary  and  contrast  colors)  is  doubt- 
ful.^^  The  best  method  of  testing  the  adaptation  hypothesis  is 
evidently,  therefore,  that  used  by  Tschermak,  namely,  to  repeat 
with  artificial  adaptation  to  different  colors  all  or  a  part  of  the 
tests  already  made  with  normal  adaptation.  Since  the  anomaly 
was  strongest  for  the  colors  yellow  and  blue,  we  confined  our 
work  in  the  present  group  of  tests  to  artificial  adaptation  to  red 
and  to  yellowish-green  only.  The  writers  were  the  only  ob- 
servers available  for  these  tests,  since  the  work  demanded  more 
consecutive  time  than  the  undergraduate  subjects  could  be  asked 
to  give.  No  attempt  was  made  to  study  further  the  influence  of 
brightness  contrast  or  of  eye-movement  on  the  contrast  color, 
but  the  experiments  were  concerned  solely  with  the  study  of  the 
respective  qualities  of  complementary  and  contrast  colors  under 
normal,  red,  and  green  adaptation,  with  all  other  conditions  as 
constant  as  possible.  Eye-movement  was,  therefore,  eliminated 
by  the  use  of  the  fixation  point,  and  only  one  ratio  of  black  and 

•  C/.,  above,  pp.  9-10. 
**  C/.,  above,  p.  21. 
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white  in  the  contrast  ring  wis  used  for  each  color- — ^that  pro- 
ducing a  gray  of  equal  brightness  to  the  colored  background,  as 
tested  by  the  flicker  method.^*  This  group,  therefore,  contains 
determinations  of  complementary  and  contrast  colors  made  with 
normal,  with  red,  and  with  green  adaptation  (rotating  according 
to  a  compensating  program). 

The  artificial  adaptation  was  obtained,  as  by  Tschermak,  by 
wearing  for  two  hours  before  and  during  the  experiment  colored 
glasses  of  red  or  of  green.    The  glasses  used  in  this  group  of 
tests  were  obtained  from  an  optician  and  were  mounted  in  ordi- 
nary optician's  frames.    Unfortimately,  however,  this  method  is 
open  to  several  objections.     In  the  first  place,  normal  daylight 
could  reach  the  eye  around  the  sides  of  the  glasses,  therefore  the 
adaptation  cannot  be  considered  complete.    In  the  second  place, 
the  red  and  green  glasses  turned  out  to  be  of  very  unequal 
strength,  though  we  tried  to  obtain  them  as  nearly  alike  as 
possible.*'     In  the  third  place,  because  of  the  greater  strength 
of  the  green  glass,  the  adaptation  to  green  was,  even  subjectively, 
not  absolutely  complete  at  the  end  of  the  two  hours  which  pre- 
ceded the  actual  tests.     For  these  reasons,  the  experiments  of 
this  group  should  be  considered  in  the  light  of  rough  prelimi- 
naries to  those  of  the  next  group,  where  the  colored  adaptation 
was  obtained  by  a  more  accurate  method.    The  results  are  in- 
cluded here  because  they  disagree  radically  with  the  results  of 
Tschermak  obtained  under  somewhat  similar  conditions,   but 
agree  very  closely  with  the  results  of  the  more  accurate  experi- 
ments of  Group  IV.    The  values  of  the  complementary  and  con- 
trast colors  of  red,  Milton-Bradley  yellow,  Hering  yellow,  green, 
and  blue  for  the  two  subjects  C.  and  K.  under  conditions  of 
normal,  of  red,  and  of  green  adaptation  are  given  in  the  fol- 
lowing tables.    Each  ratio  as  given  here  is  computed  from  the 
average  of  four  determinations.     Variations  in  the  single  de- 
terminations are  not  given,  since  these  tests  are  preliminary  to 
the  more  accurate  ones  of  the  next  group. 

"  C/.,  above,  p.  12. 

•As  tested  later  by  the  Lovibond  tintometer  the  green  glass  was  found 
to  be  equal  to  a5  units  of  blue  plus  7.5  units  of  yellow,  the  red  glass  to  1.0 
unit  of  red. 
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TAra.E  HI. 

Observer  C. 

Color 

Adaptation 

CompL 

Contr. 

Direction  of 

R 

f  B   \ 
Normal  j  ~   ' 

Red 
<jrt-een 

=  042 

0.38 
0.39 

0.84 
1.05 

Difference 

bluer 

bluer 
bluer 

(iZb.) 

r  G  1 
Normal  {  ~"   f 

I  B 
Red 
Green 

=  0.02 

0.06 
0.01 

041 
0.33 

redder 

redder 
redder 

(I?) 

R 

Normal      — 

I  B 

=  0.20 

11!=- 

redder 

Red 
Green 

0.19 
0.20 

0.59 
0.52 

redder 
redder 

G 

,  f  B    1 
(Normal      —    - 

I  R 
Red 
Green 

=  0A7 
042 

•  — !-  =0.28 
R 

0.58 
0.39 

redder 

bluer 
redder 

B 

(with 
H.Y) 

1  ''  R  1 

Normal  -j  — 

Red 
Green 

=  0^ 

0.28 
0.30 

1-33 
1.06 

redder 

redder 
redder 

Table  IV. 

Observer  K. 

Color 

Adaptation 

f  B 
Normal      —    • 
G 

CompL 

•Contr. 

Direction  of 
Difference 

R 

=  0.38 

B 
-J=o.6x 

bluer 

Red 
Green 

0.38 
0.29 

0.56 
0.58 

bluer 
bluer 

Y 
(M.B.) 

Normal              all  blue 
Red                     :*      " 

0.60 

redder 
redder 

Green            — 
B 

=  0.02 

0.66 

redder 

(* 

R 

.Normal      —    • 
I  B 

=  0.18 

—     =0.62 
B 

redder 

Red 
Green 

0.23 
0.20 

1.14 
0.71 

redder 
redder 

G 

f  B   1 
Normal  i  — 

I  R 
Red 
Green 

=  0.40 

0.45 
0.36 

B  1 
.-j=o.26 

0.26 

0.28 

redder 

redder 
redder 

B 
(with 
H.Y.) 

Normal      — 

Red 
Green 

=  0.28 

0.3S 
0.29 

1.62 
0.92 

redder 

redder 
redder 
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The  results  evidently  do  not  verify  the  adaptation  explana- 
tion of  the  difference  between  contrast  color  and  complementary, 
since  that  difference  persists  in  the  same  direction  for  red,  for 
green,  and  for  normal  adaptation.  On  the  one  hand,  there  is 
no  trace  of  such  a  reversal  of  the  anomaly  with  yellowish-green 
adaptation  as  that  reported  by  Tschermak ;  and  on  the  other,  the 
anomaly  for  blue  and  yellow  is  not  appreciably  increased  by  red 
adaptation,  as  it  should  be  according  to  the  Tschermak  hypothe 
sis.  According  to  that  theory,  it  will  be  remembered,  both  com- 
plementary and  contrast  colors,  but  especially  the  latter,  should 
become  more  reddish  with  red  adaptation,  and  more  greenish  (or 
less  reddish)  with  green  adaptation.  Out  of  the  ten  comple- 
mentary colors  determined  (five  for  each  observer),  there  is  no 
case  in  which  the  color  is  more  red  (or  less  green)  than  normal 
with  red  adaptation,  and  more  green  (or  less  red)  than  normal 
with  green  adaptation ;  and  of  the  ten  contrast  colors  determined 
there  is  only  one  case  in  which  this  is  true  (the  contrast  of  Hering 
yellow  for  observer  K.).  The  only  general  tendency  that  can  be 
detected  is  for  the  contrast  colors  to  become  somewhat  less  red- 
dish than  normal  with  both  red  and  green  adaptation, — ^a  para- 
doxical enough  result !  The  only  possible  explanation  that  would 
seem  to  suggest  itself  is  that,  since  both  red  and  green  glasses 
decrease  the  amount  of  light  reaching  the  eye,  the  brightness  of 
the  light  to  which  the  eye  is  adapted  has  more  effect  on  the  color 
quality  of  the  contrast  colors  than  has  the  quality  of  that  light. 
The  differences  between  daylight  and  dark  adaptation  reported 
by  Hering  and  Hess  might,  therefore,  be  explained  on  some  other 
ground  than  that  daylight  adaptation  is  really  adaptation  to 
reddish-blue,  as  Tschermak  supposes.  It  is,  of  course,  conceiv- 
able that  the  amount  of  light  reaching  the  eye  causes  qualitative, 
as  well  as  quantitative,  differences  in  the  retinal  processes  in- 
volved, in  other  cases  than  the  well-known  one  of  twilight  vision. 
At  any  rate,  it  is  evident  that  the  effect  on  both  complementary 
and  contrast  colors  of  artificial  adaptation  to  different  colored 
lights  can  be  studied  adequately  only  under  conditions  of  equal 
brightness  of  light  for  the  different  colors.  These  conditions 
the  experiments  of  the  next  group  attempted  to  fulfill. 
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§  6.  Experiments.    Group  IV. 

These  tests  repeat  those  of  the  preceding  group  under  more 
exact  experimental  conditions.  The  writers,  C.  and  K.,  again 
acted  as  observers.  As  in  the  experiments  of  Group  III,  eye- 
movement  was  eliminated  by  the  use  of  a  fixation  point  midway 
between  the  two  disks  to  be  compared,  and  the  contrast  ring  for 
each  color  was  of  the  same  brightness  as  its  colored  background. 
The  differences  in  method  between  these  tests  and  those  of  the 
preceding  group  were  the  following: 

1.  Tests  were  made  with  artificial  adaptation  to  each  of  the 
four  primary  colors,  red,  green,  blue  and  yellow,  instead  of  to 
the  first  two  only. 

2.  The  colored  glasses  were  provided  by  the  Lovibond  Tinto- 
meter Co.  of  Salisbury,  England,  and  each  glass  was  of  one 
unit's  strength,  as  measured  by  their  scale.  In  this  way  we 
hoped  to  reach  approximate  equality  in  the  brightness  of  the 
different  colors. 

3.  The  glasses  were  mounted  in  black  automobile  goggle 
frames  which  allowed  no  light  to  reach  the  eye  except  that 
passing  through  the  colored  glass. 

4.  Adaptation  with  these  glasses  was  subjectively  complete  in 
less  than  half  an  hour.  The  glasses  were,  therefore,  worn  for 
only  three  quarters  of  an  hour  before  the  experiment,  and  of 
course  during  its  progress. 

5.  Since  all  these  colored  glasses  change  the  quality  of  light 
reaching  the  eye  by  reducing  its  amount,  normal  daylight  adapta- 
tion gives,  of  course,  a  different  condition  of  brightness  adapta- 
tion than  do  the  colored  glasses.  A  fifth  pair  of  goggles  was, 
therefore,  made  up  with  glasses  of  the  Lovibond  neutral  gray  of 
one  unit's  strength.**    In  the  table  following,  adaptation  to  these 

••According  to  tlic  Lpvibond  calculations,  as  we  understand  them,  lihese 
glasses  should  give  colors  and  gray  of  equal  brightness.  Actually,  however, 
the  green  and  gray  glasses  are  (both  subjectively  and  physically)  darker 
than  the  others,  since  they  are  not  single  glasses  but  are  obtained  by  combi- 
nations of  the  others.  Each  of  the  red,  yellow,  and  blue  glass  absorbs  a 
certain  amount  of  all  light  except  that  of  the  given  color.  Green,  which  is 
made  up  of  the  blue  and  yellow  glasses,  thus  gives  a  double  subtraction  of 
light,  and  gray  (blue  +  yellow  +  red)  a  triple  subtraction.    It  is  probable, 
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glasses  is  caUcd  gray  (A)  adaptation,  while  that  to  ordinary 
daylight  is  called  normal  (N)  adaptation. 

6.  The  use  of  the  Milton-Bradley  yellow  was  omitted  as  an 
unnecessary  expenditure  of  time,  since  the  Hering  yellow  brings 
out  the  anomaly  just  as  clearly,  by  the  relative  amounts  of  red 
used  in  the  complementary  and  contrast  colors,  if  not  as  spectac- 
ularly, by  the  actual  reversal  of  green  in  the  complementary  to 
red  in  the  contrast  All  papers  used  in  these  tests  are,  therefore, 
the  Hering  colors. 

7.  In  the  earlier  experiments,  the  contrast  color  had  seemed  to 
both  observers  to  change,  both  in  amount  and  in  quality,  during 
the  time  required  for  the  formation  of  a  judgment,  becoming 
both  stronger  and  redder  with  long  fixation.  We  had  no  time 
to  test  the  point  by  actual  experiment,  but  in  the  tests  of  this 
group  adopted,  as  a  precautionary  measure,  a  uniform  fixation 
time,  for  both  complementary  and  contrast  colors,  of  five  sec- 
onds. This  particular  time  was  chosen  as  long  enough  for  the 
formation  of  an  easy  judgment,  but  not  so  long  as  to  cause 
fatigue. 

Each  ratio  given  is  computed  from  the  average  of  four  obser- 
vations. Mean  variations  are  given  in  parentheses  after  each 
average. 

Again  the  results  are  n^;ative  in  regard  to  the  dependence  of 
the  difference  between  contrast  and  complementary  color  on  the 
color  to  which  the  eye  is  adapted  at  the  time  of  observation. 
For  both  subjects,  with  all  six  kinds  of  adaptation,  the  contrast 
color  of  red  is  bluer  than  its  complementary  (slightly  so  for  K., 
very  much  so  for  C),  the  contrasts  of  yellow  and  of  blue  are 
much  redder  than  their  complementaries,  and  the  contrast  of 
green  is  approximately  the  same  as  its  complementary  (some- 
what redder  for  one  subject,  equal  for  the  other).     It  will  be 

therefore,  that  we  should  have  had  more  nearly  equal  brightness  conditiofls 
if  we  had  used,  for  example,  blue,  yellow,  and  red  of  6  units'  strength  each; 
green  made  up  of  3  units  of  blue  and  3  units  of  yellow ;  and  gray  of  2  units 
blue  +  2  units  yellow  +  2  units  red.  The  actual  amounts  of  light  of  all 
colors  reaching  the  eye  would  then  have  been  equivalent  At  least,  however, 
the  use  of  the  Lovibond  units  at  their  face  value  gives  three  colors,  red, 
yellow  and  blue,  of  equal  brightness. 
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1 

3 

I                         Observer  C 

Observer  K 

1 

Complemen- 

Contrast 

Direction 
of 

Complemen- 

Contrast 

Direction 
of 

u 

< 
N 

tary 

Difference 

tary 

Difference 

R 

Q=  0.42  (.03) 

g=*I.I2(.l8) 

bluer 

^=0.42  (.04) 

0^=0.51    (.04) 

bluer 

R 

0.37   (.031 

1.27  (.25) 
105  (.31) 

bluer 

0.40  (.03) 

0.76  (.36) 

bluer 

Y 

041    1    .04) 

bluer 

0.37  -05) 
0.43  (.04 

0.68        38 

bluer 

G 

041    1   .04  1 

1.30  .24 

bluer 

0.59  (.28) 

0.64   (.35) 
0.75    (.25) 

bluer 

B 

042  I  .05  1 

1.24  (.17 

1.25  (.41) 

bluer 

0.44  .04) 
0.38  (.06) 

bluer 

A 

N 

0.41    (.03) 

bluer 

bluer 

Y 

1=0.23  (.03) 

R             /     X 
B-=o.75(.24) 

redder 

R           /     X 

B=  0.19  (.03) 

R       ^i    X 

B=  0.66  (.13) 

redder 

R 

0.21    ^04) 

0.66  r.2i) 

redder 

0.22  (.03) 

0.76  (.28) 

redder 

Y 

0.17  1.031 

0.00  (.11) 

redder 

0.20  (.02  1 

0.86  (.18) 

redder 

G 

0.20      .031 

redder 

0.25  (.02) 

0.94  (.17) 

redder 

B 

0.231.04,1 

0.71  .21 1 

redder 

0.20  (.01  1 

tm 

redder 

A 

N 

0.20  (.03) 

0.60  (.20) 

redder 

0.21  (.03) 

redder 

G 

r;«046(x}S) 

R««043(.io) 

(redder) 

B 

R  =046  (.05) 

B                  /^x 

3^ «  0.37  (.06) 

redder    * 

R 

0.42  (.05) 

0.4s  (.05) 

(bluer) 
(bluer) 

043  (-04) 

0.26  (.06) 

redder 

Y 

049  (.04) 
042  (.05) 
044  (.06) 
048  (.04) 

0.54  .11 

0.40  1  .05 

0.27  1  .10 

redder 

G 

0.51    .12  1 

(bluer) 
(bluer) 

044  <  .07) 

0.25  (.06 

redder 

B 

0.46  (.07) 
0.44  (.07) 

0.45  (-03) 
043  (.07) 

040  (.10 

redder 

A 

N 

(redder) 

0.31  (.05) 

redder 

B 

Y«so.35(.04) 

^s  1.86  (.18) 

redder 

y=»o.3o(.o5) 

-|«,.64(.35) 

redder 

R 

0.31  (.05) 

1. 61  (.25) 
1.53  (.10 
1.60  r. 09) 

redder 

0.34  (.05) 

1.81  (.10 1 

redder 

Y 

0.27   .05 1 

redder 

0.31  (.03 

1.61 1.14 1 

redder 

G 

0.321.041 

redder 

0.38  (.04 

1.64  .071 

redder 

B 

0.361.051 

1.74(05) 

redder 

0.31 1 .02 

1.78  (.141 

"4dcr 

A| 

0.32  (.04) 

1.27  (.02) 

redder 

0.31  (.06) 

1.35(18) 

'^Cr 

noticed  that,  while  the  two  subjects  agree  rather  closely  in  their 
determinations  of  both  complementary  and  contrast  colors  of 
blue  and  of  yellow,  and  of  the  complementaries  of  red  and  of 
green,  they  differ  very  much  in  regard  to  the  contrast  color  of 
red,  and  somewhat  in  regard  to  the  contrast  of  green,  observer 
C.  having  a  tendency  to  see  more  blue  in  the  contrast  than  is 
seen  by  K.  The  same  difference  between  the  two  observers  is- 
shown  in  Tables  III  and  IV,  though  it  is  somewhat  less  strong 
there.  K.  also  tends  to  see  the  contrast  of  yellow  as  a  somewhat 
redder  violet  than  does  C.  This  difference  is  more  marked  in 
Tables  III  and  IV  than  in  Table  V.    The  writers  have  no  ex- 
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planation  to  offer  for  these  differences  between  their  observa- 
tions, but  can  only  call  attention  to  three  points :  First,  and  most 
important  for  our  particular  problem,  that  the  difference  is  one 
of  degree  of  anomaly  of  the  contrast  color,  merely,  not  of  the  di- 
rection of  the  ancMnaly.  Second,  that  the  judgments  of  the  contrast 
color  are  much  more  difficult  and  much  less  certain  subjectivdy 
than  those  of  the  complementary.  The  contrast  ring  takes  on 
a  peculiarly  shimmering,  transparent  color  which  is  extremely 
hard  to  match  to  the  relatively  dead,  opaque  color  of  the  contrast 
disk.  Accordingly,  the  individual  determinations  of  the  contrast 
colors  show  far  wider  variations  than  do  those  of  the  comple- 
mentaries,  as  is  shown  by  the  mean  variations.  Some  of  the 
differences  between  the  two  observers,  however,  are  very  much 
too  large  to  be  accounted  for  on  the  ground  of  accidental  varia- 
tions due  to  the  difficulties  of  judging  the  contrast  color.  Third, 
the  differences  between  the  subjects  can  hardly  be  due  to  differ- 
ences in  the  selective  absorption  of  the  pigment  of  the  eye,  for,  in 
the  first  place,  both  subjects  have  very  dark  brown  eyes;  and,  in 
the  second  place,  the  differences  between  the  observers  come  out  in 
their  determinations,  not  of  the  physically  aroused  complement- 
ary colors,  but  of  the  physiologically  aroused  contrast  colors. 

The  negative  results  of  the  tests  of  this  and  the  preceding 
group,  in  regard  to  the  main  point  at  issue,  namely,  the  depoid- 
ence  of  the  direction  of  the  anomaly  on  the  conditions  of  color 
adaptation  at  the  time  of  observation,  at  once  suggests  a  com- 
parison of  our  results  with  those  of  Tschermak.  That  experi- 
menter found,  it  will  be  remembered,  that  complementary  colors, 
and  still  more  negative  after-images,  differ  from  true  "opposite*^ 
colors  by  being  more  reddish  or  bluish.  In  other  words,  the  dif- 
ference found  by  Tschermak  between  complementary  colors  and 
negative  after-images  is  the  same  as  that  shown  in  our  tests  be- 
tween complementary  and  simultaneous  contrast  colors.  Tscher- 
mak reports  the  anomaly  to  be  reversed  for  both  after-image  and 
complementary  colors  of  blue,  but  more  for  the  former  than  the 
latter,  when  the  eye  is  artificially  adapted  to  yellowish  green. 
That  is,  the  anomaly  is  reversed  both  as  regards  the  quality  of 
complementary  and  of  negative  after-image,  and  as  regards  the 


Digitized  by  LjOOQ IC 

i 


WELLESLEY  COLLEGE  STUDIES  IN  PSYCHOLOGY  31 

direction  of  the  difference  between  the  two.  Tschermak,  there- 
fore, explains  the  normal  anomaly  (if  one  may  use  the  expres- 
sion) as  due  to  the  supposedly  purplish  adaptation  of  the  eye  in 
ordinary  daylight  Tschermak's  work  has  already  been  criti- 
cised.^*^   Our  experiments  would  seem  to  show : 

1.  In  agreement  with  Tschermak's  that  the  complementary 
color  of  a  given  hue  is  either  more  reddish  or  more  bluish  than 
its  true  "opposite/'  if  the  Hering  colored  papers  be  taken  as 
rough  representatives  of  the  "ppposite"  colors.  We  made,  of 
course,  no  attempt  to  determine  the  introspectively  "opposite" 
colors. 

2.  That  the  simultaneous  contrast  color,  like  the  negative 
after-image,  is  still  more  reddish  or  bluish.  The  difference  be- 
tween contrast  and  complementary  is  especially  marked  with  the 
colors  blue  and  yellow. 

3.  That,  however,  this  difference  between  contrast  and  com- 
plementary is  not  reversed  in  direction  nor  significantly  changed 
in  amount  under  conditions  of  artificial  adaptation  to  red,  green, 
yellow,  or  blue.  This  is  not  a  direct  disagreement  with  Tscher- 
mak. If  his  results  could  be  accepted,  it  would  merely  indicate 
that  the  simultaneous  contrast  color  behaves  differently  than 
does  the  negative  after-image. 

4.  In  direct  disagreement  with  Tschermak,  these  results  show 
no  dependence  of  the  quality  of  the  complementary  color  on 
conditions  of  artificial  color  adaptation.  This  is  what  would  be 
expected  if  the  orthodox  laws  of  color  mixture  are  correct.^* 
For  both  observers,  the  values  of  the  complementary  colors  ob- 
tained under  the  different  adaptations  show  only  small  and  ob- 
viously chance  variations. 

In  connection  with  the  negative  results  given  as  (3)  and  (4) 
above,  it  should  be  noted  that  the  colored  glasses  used  for  arti- 
ficial adaptation  in  the  experiments  of  this  group  were  very  weak. 
The  glasses  used  in  the  tests  of  Group  III  were  stronger,  but,  as 
already  stated,  those  experiments  were  faulty  in  many  ways. 
Lack  of  time  prevented  any  further  tests  with  glasses  of  greater 

"C/.,  above,  pp.  9-10. 
"C/.,  above,  p.  g. 
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Strength  under  the  more  exact  conditions  of  the  later  experiments, 
and  it  is,  of  course,  not  impossible  that  such  tests  would  yield 
new  and  (though  this  is  hardly  probable)  radically  different  re- 
sults. The  writers  can,  therefore,  merely  record  the  fact  that 
within  the  limits  of  these  experimental  conditions,  there  was 
found  no  trace  of  a  dependence  of  the  quality  of  either  comple- 
mentary or  contrast  color  on  the  color  to  which  the  eye  was 
adapted  at  the  time  of  the  observation. 

So  far,  in  the  discussion  of  results,  no  mention  has  been  made 
of  the  gray  adaptation  in  comparison  with  normal  daylight  adap- 
tation. It  will  be  remembered^^  that  the  gray  adaptation  was 
included  in  order  to  have  a  neutral  adaptation  more  nearly  com- 
parable in  brightness  with  the  different  color  adaptations  used, 
than  in  ordinary  daylight.  In  the  tests  of  Group  III,  there  seemed 
to  be  a  slight  indication  that,  in  the  case  of  the  contrast  color  at 
least,  the  anomaly  decreases  somewhat  with  decrease  in  the 
brightness  of  the  light  to  which  the  eye  is  adapted.*®  If  this  is 
the  case  the  normal  adaptation  of  these  experiments  should  show 
the  greatest  anomaly,  that  is,  the  strongest  tendency  toward 
purple,^*  and  the  gray  adaptation  the  least.  This  is  true  in  (Mily 
one  case,  that  of  the  contrast  color  of  blue  for  the  subject  C 
Evidently,  therefore,  within  the  small  limits  of  variation  of  these 
tests,  differences  in  brightness  adaptation  do  not  cause  an  a{>- 
preciable  change  in  the  quality  of  either  complementary  or  of 
contrast  colors.  It  must  be  remembered,  however,  that  the  dif- 
ferences of  brightness  in  these  experiments  are  slight,  and  the 
chance  variations  in  results  are  relatively  large,  especially  in  the 
case  of  contrast  colors,  where  the  judgments  are  difficult  and 
subjectively  imcertain.  It  is  quite  possible,  therefore,  as  Bering 
and  Hess  suppose,  that  brightness  adaptation  does  cause  a  differ- 
ence in  the  quality  of  complementary  or  of  contrast  colors,  or 
of  both,  and  that  the  differences  between  them  would  disappear 
under  conditions  of  dark  adaptation. 

"  Cf„  above,  p.  27. 

^Cf.,  above,  p.  26. 

•  The  tendency  toward  purple  will,  of  course,  take  the  form  of  a  tcndenqr 
toward  blue  of  the  complementary  and  contrast  colors  of  red,  and  toward 
red  for  those  of  blue  and  of  yellow. 


Digitized  by 


Google 


I 

i 


WELLESLEY  COLLEGE  STUDIES  IN  PSYCHOLOGY  33 

The  main  conclusion,  therefore,  from  the  tests  of  this  and  of 
the  preceding  group  is  that  the  difference  previously  noted  be- 
tween simultaneous  contrast  and  complementary  colors  persists 
independently  of  variations  in  the  color  to  which  the  eye  is 
adapted  at  the  time  of  observation.  If  these  experiments  are 
trustworthy,  the  adaptation  hypothesis  of  Tschermak  is  evidently 
inadequate  to  explain  the  anomaly.  The  writers  have,  however, 
no  other  explanation  to  offer  at  the  present  time,  and  must  leave 
their  conclusions  in  this  negative  form. 

§  7.  Experiments.    Group  V. 

The  tests  of  the  first  four  groups  include  the  main  body  of 
the  material.  These  tests  are,  of  course,  subject  to  the  criticism 
that  the  two  principal  observers  were  also  the  persons  who 
planned  the  work  and  conducted  the  experiments,  and  it  is,  there- 
fore, possible  that,  in  spite  of  all  precautions,  they  are  subject  to 
the  expectation  error.  Accordingly,  in  order  to  check  at  least 
a  part  of  these  results,  supplementary  experiments  were  made 
with  the  four  untrained  observers,  D.,  H.,  Ke.,  and  M.,  who 
knew  absolutely  nothing  of  the  problem  or  of  the  results  pre- 
viously obtained.  These  observers,  as  undergraduates,  could 
give  only  a  very  limited  time  to  the  work,  but  in  each  case  it  was 
possible  to  make  several  (two  to  five)  determinations  of  the 
complementary,  the  simultaneous  contrast  color,  and  also  the 
n^ative  after-image  of  the  four  primary  colors,  red,  yellow, 
green,  and  blue.  The  method  for  determining  the  first  two  was 
essentially  that  used  in  the  previous  work;  the  only  difference 
being  that,  instead  of  the  four  Hering  papers,  red,  yellow,  green, 
and  blue,  we  used  for  our  equations  the  necessary  colors  from 
the  Milton-Bradley  series  of  eighteen  spectral  hues.*^  For  ex- 
ample, a  black  and  white  disk  can  be  matched  by  the  Milton- 
Bradley  red  mixed  with  the  Milton-Bradley  blue-green  and 
green-blue.  In  this  series  of  papers,  then,  the  complementary  of 
red  lies  between  blue-green  and  green-blue — ^nearer  the  former 
than  the  latter,  as  determined  by  the  amounts  of  each  necessary 

••C/.,  the  method  used  by  MacGregor  and  Dix,    University   of    Toronto 
Studies  vol.  II.,  No.  3,  pp.  23-27. 
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to  make  the  equation.  Similarly,  the  contrast  induced  by  the  red 
disk  is  found  to  be  matched  by  a  combination  of  black  and  white 
with  blue-green  and  green-blue  in  a  slightly  different  propor- 
tion. As  in  the  previous  work,  the  disks  to  be  matched  were  set 
up  on  two  color-mixers  with  a  fixation-point  midway  between 
them.  Eye-movement  was,  therefore,  eliminated,  and  all  other 
conditions  were  as  already  described  for  the  experiments  of 
Groups  I  to  IV. 

The  quality  of  the  n^ative  after-image  was  determined 
roughly  by  the  following  simple  method.  On  a  neutral  gray 
background  were  pasted  two-inch  squares  of  the  eighteen  Milton- 
Bradley  hues  in  spectral  order  four  inches  apart.  The  two  tints 
and  two  shades  of  each  hue  were  placed  at  the  same  distance 
respectively  above  and  below  the  hues.  The  completed  chart 
thus  gave  a  neutral  gray  background  with  colored  squares  equally 
distant  from  each  other — ^horizontally,  the  eighteen  Milton- 
Bradley  hues  in  spectral  order;  vertically,  five  brightnesses  for 
each  color.  One  inch  to  the  right  of  each  square  was  marked  a 
fixation  point.  The  completed  chart  was  hung  in  a  north-west 
light  across  the  same  room  used  in  the  previous  work.**  On  a 
second  gray  chart  were  pasted,  some  distance  from  each  other, 
2  inch  squares  of  the  four  colors,  red,  yellow,  green,  and  blue.*^ 
A  fixation  point  was  marked  one  inch  to  the  left  of  each  square. 
The  observer  obtained  an  after-image  of  a  given  color  by  fixating 
the  point  to  the  left  of  that  color  on  this  chart,  and  then  the 
after-image  was  projected  on  the  large  chart  on  the  neutral  gray 
background  between  the  colors.  The  observer's  task  was  to 
determine  which  of  the  colors  of  this  large  chart  most  nearly 
matched  the  color  of  the  after-image.    For  example,  in  one  test, 

'^  This  chart  was  very  Imlky,  as  can  easily  be  imagined  Two  inch  squares 
were  used  as  the  smallest  size  that  would  enable  the  observer  to  stand  at  a 
comfortable  distance  from  the  chart  (i  yd.  or  a  little  over)  and  have  about 
the  same  retinal  area  stimulated  as  in  the  determination  of  complementary 
and  contrast  colors  (9.6  cm.  seen  at  a  distance  of  2  meters).  The  ratio  is 
only  approximate,  since  the  observer  had  to  walk  up  and  down  in  front  of 
the  chart,  and  it  was  impossible  for  her  to  keep  at  an  exactly  constant  dis- 
tance from  it. 

"These  were  put  on  the  same  chart  solely  for  tiie  sake  of  convenieace. 
Only  one  color  was  used  at  a  time. 
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subject  Ke.  decided  that  the  quality  of  the  after-image  of  red 
lay  between  blue-green  tint  i,  and  green-blue,  tint  i.  Three 
fixation  times  were  used  for  inducing  the  after-image:  30  sec, 
I  min.,  and  2  min. ;  but,  since  no  qualitative  difference  could  be 
discovered  in  the  results  for  the  different  periods  of  fixation,  they 
will  be  treated  together  in  discussing  results.  This  method  of 
determining  the  quality  of  the  after-image  is  rough,  but  it  has 
the  advantages  of  consuming  little  time,  and  of  being  easy  to 
use  with  untrained  subjects,  where  very  exact  color  matches  can- 
not be  expected. 

The  results  can  be  given  most  clearly  in  graphic  form,  by 
arranging  the  eighteen  colors  around  the  circumference  of  a 
circle,  and  indicating  by  connecting  lines  the  respective  positions 
of  the  complementary,  simultaneous  contrast,  and  negative  after- 
images of  each  of  the  four  f tmdamental  colors.    The  straight  line 

( — )  indicates  the  complementary,  the  broken  line  ( )  the 

simultaneous  contrast,  and  the  dotted  line  (.  .  .)the  negative 
after-image. 
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This  circular  chart  gives  the  results  obtained  with  the  subject 
Ke.  The  results  for  the  other  three  subjects,  which  were  very 
similar  to  those  for  Ke.,  are  as  follows: 

For  observer  £>.- — The  complementary,  simultaneous  contrast 
color,  and  negative  after-image  of  red  are  almost  identical,  all 
being  approximately  blue-green. 

The  same  three  values  for  the  color  green  all  lie  very  near 
together,  between  red-violet  and  violet-red. 

For  the  color  yellow,  on  the  other  hand,  the  complanentary 
Ues  between  blue  and  green-blue,  the  simultaneous  contrast  color 
is  approximately  blue,  and  the  negative  after-image  lies  between 
blue-violet  and  violet,  nearer  the  former  than  the  latter. 

And  for  the  color  blue,  the  complementary  lies  between  ydlow 
and  green-yellow ;  the  contrast  color  between  yellow  and  orange- 
yellow,  but  nearer  the  latter;  and  the  negative  after-image  is 
approximately  orange-yellow. 

For  observer  H. — Color  red :  Complementary,  between  blue- 
green  and  green-blue,  nearer  the  former;  contrast,  blue-green; 
after-image,  between  blue-green  and  green-blue,  nearer  the  latter. 

Color  green:  Complementary,  between  red-violet  and  violet, 
nearer  the  latter;  contrast,  violet-red;  after-image,  between 
violet-red  and  red-violet,  nearer  the  former. 

Color  yellow:  Complementary,  between  blue  and  green-blue, 
nearer  the  latter;  contrast,  between  the  same  colors  but  nearer 
the  former;  after-image,  between  violet-blue  and  blue-violet 

Color  blue :  Complementary,  midway  between  yellow  and  green- 
yellow;  contrast,  between  orange-yellow  and  yellow-orange, 
much  nearer  the  latter;  after-image,  between  yellow-orange  and 
orange,  nearer  the  former. 

For  observer  M, — Color  red :  Complementary,  between  blue- 
green  and  green-blue,  nearer  the  former;  contrast,  midway  be- 
tween blue-green  and  green-blue;  after-image,  blue-green. 

Color  green:  Complementary,  between  red-violet  and  violet- 
red;  contrast,  violet-red;  after-image,  red-violet. 

Color  yellow:  Complementary,  between  blue  and  green-blue. 
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nearer  the  former;  contrast,  between  blue  and  violet-blue,  nearer 
the  latter;  after-image,  midway  between  blue-violet  and  violet. 

Color  blue :  Complementary,  between  yellow  and  green-yellow, 
somewhat  nearer  the  former;  ^contrast,  between  yellow  and 
orange-yellow,  nearer  the  latter;  after-image,  between  yellow- 
orange  and  orange,  nearer  the  latter. 

It  is  evident  from  these  results  that  the  supplementary  tests 
with  untrained  and  unprejudiced  subjects,  using  the  Milton- 
Bradley  series  of  colored  papers  instead  of  the  Hering,  show 
exactly  the  same  anomaly  of  contrast  and  complementary  colors 
in  the  cases  of  blue  and  of  yellow  as  that  discovered  originally 
by  Goethe  and  J.  Miiller,  and  brought  out  both  by  Tschermak 
and  by  the  experimenters  of  the  present  series.  Both  the  simul- 
taneous contrast  and  the  after-image  colors  of  blue  and  of  yel- 
low are  distinctly  redder  than  their  respective  complementary 
colors.  The  difference  is  greater  for  all  four  subjects  in  the 
case  of  the  n^;ative  after-image  than  in  that  of  the  simultaneous 
contrast  color.  The  differences  between  complementary,  con- 
trast, and  after-image  colors  of  red  and  of  green,  on  the  other 
hand,  are  too  small  to  be  of  significance  with  these  few  experi- 
ments on  untrained  observers.  This  negative  result  in  regard  to 
red,  however,  does  not  necessarily  disagree  with  the  fact  that 
Tschermak  found  the  after-image  of  red  to  be  bluer  than  its 
complementary,  and  the  tests  of  Groups  I-IV  in  the  present  series 
brought  out  the  same  difference  between  the  complementary  and 
the  simultaneous  contrast  colors  of  red.  The  apparent  disagree- 
ment is  almost  certainly  due  merely  to  the  fact  that  the  anomaly 
in  the  case  of  red  is  too  slight  to  be  evident  from  the  rough 
tests  of  this  group.  On  the  other  hand,  even  in  these  tests,  the 
anomaly  for  blue  and  for  yellow  is  strikingly  apparent,  especially 
in  the  case  of  the  after-image. 

§  8.  Conclusions. 

The  writers  realize  very  well  that  the  experiments  described 
in  the  preceding  sections  leave  unanswered  many  more  problems 
than  they  succeed  in  solving.  Since,  however,  it  is  unlikely  that 
either  experimenter  will  be  able  to  continue  this  line  of  work  in 
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the  near  future,  it  has  seemed  worth  while  to  report  the  results 
even  in  this  unfinished  state.  In  a  word,  it  may  be  said  that  the 
tests  are  positive  as  regards  the  existence  of  a  difference  between 
complementary  and  contrast  colors,  both  simultaneous  and  suc- 
cessive, but  negative  as  regards  any  explanation  of  the  differ- 
ence. The  main  points  in  this  conclusion  may  be  summarized 
as  follows: 

1.  There  is  a  constant  difference  between  complementary  and 
simultaneous  contrast  colors  of  the  three  primaries,  red,  yellow, 
and  blue.  The  contrast  color  of  red  is  bluer  than  its  comple- 
mentary; the  contrasts  of  yellow  and  of  blue  are  redder  than 
their  respective  complementaries.  The  contrast  of  green,  on  the 
contrary,  is  about  the  same  as  its  complementary,  showing  slight 
(probably  accidental)  variations,  sometimes  toward  red,  again 
towards  blue  (Experiments,  Groups  I-V).  The  $ame  anomaly  is 
seen  to  a  still  greater  degree  in  the  case  of  the  after-images  of 
blue  and  of  yelbw,  and  probably  to  a  slight  d^ree  in  the  case 
of  red  (Group  V  and  experiments  of  Tschermak).  This  con- 
clusion agrees  with  that  of  Tschermak  that  the  contrast  color 
differs  from  the  complementary  by  tending  toward  purple. 

2.  The  anomaly  of  the  simultaneous  contrast  color  remains 
constant  in  direction  with  variations  in  brightness  contrast  be- 
tween contrast-inducing  and  contrast-suffering  surfaces.  Its 
amount  is  probably  greatest  when  brightness  contrast  is  elimi- 
nated (Groups  I  and  II). 

3.  This  anomaly  does  not  depend  upon  after-images  induced 
by  eye-movement,  since  it  persists  both  with  f oveal  vision  and 
free  eye-movement,  and  with  slightly  extra-foveal  vision  and 
elimination  of  eye-movement  (Groups  I  and  II). 

4.  It  is  not  altered  in  direction  nor  appreciably  changed  in 
amount  by  artificial  adaptation  of  the  eye  to  different  colors,  at 
least  within  the  limits  of  color-adaptation  used  in  these  experi- 
ments (Groups  III  and  IV).  It  can  hardly  depend,  therefore, 
as  Tschermak  supposes  the  similar  anomaly  of  the  after-image  to 
depend,  on  a  purplish  adaptation  of  the  eye  in  ordinary  daylight 

The  work  leaves  unsolved  the  problems: 
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First,  and  foremost,  of  the  explanation  for  the  difference  be- 
tween the  complementary  and  contrast  colors,  including  the  ques- 
tion of  its  dependence  on  the  degree  of  brightness  to  which  the 
eye  is  adapted  at  the  time  of  observation. 

Second,  the  question  of  the  exact  relation  in  quality  between 
ntgaXivt  after-images  and  colors  induced  by  simultaneous  con- 
trast, and  the  similarity  or  dissimilarity  of  their  behavior  under 
conditions  of  artificial  color-adaptation. 

And  as  secondary  problems  suggested  during  the  course  of 
the  experiments,  but  not  investigated  further: 

Third,  do  lighter  surfaces  suffer  more  color  contrast  effect 
than  darker  ones,  under  equal  conditions  of  brightness  contrast 
between  contrast-inducing  and  contrast-suffering  surfaces? 

Fourth,  to  what  extent  are  the  amount  and  the  quality  of 
contrast  effect  influenced  by  the  time  of  fixation;  i.e.,  what  is 
the  temporal  rise  of  the  simultaneous  contrast  color  in  amount 
and  in  quality? 

Fifth,  do  individual  observers  differ,  not  only  as  r^ards  the 
amount  of  simultaneous  contrast  effect  which  they  see  under 
g^ven  conditions,  but  also  as  regards  its  quality?  If  so,  what  is 
the  explanation  of  the  difference? 

It  remains  only  to  reiterate  that  the  chief  incentive  of  the 
writers  for  reporting  the  woric  in  its  present  state  is  the  hope 
that  these  experiments,  incomplete  and  rough  as  they  are  in  many 
respects,  may  help  the  workers  in  some  other  laboratory  to  a 
solution  of  one  or  more  of  the  problems  suggested. 
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A  STUDY  OF  SPATIAL  ASSOCIATIONS  IN  LEARNING 
AND  IN  RECALL 

Introduction 

This  study  is  a  companion-piece  to  the  paper  by  Jacobs  on 
"Lernen  mit  ausserer  Localization"  published  in  the  forty-fifth 
volume  of  the  Zeitschrift  fur  Psychologie  und  Physiologic  der 
Sinnesorgane.  The  experiments  of  Jacobs  were  made  under  the 
direction  of  Professor  Georg  Elias  Miiller  in  the  "psycholog- 
isches  Institut"  of  the  University  of  Gottingen  a  year  or  two 
before  our  own  experiments  were  undertaken.  Our  experiments 
were  begun  in  the  same  laboratory  under  the  same  guidance  in 
the  academic  year  1906- 1907  and  were  continued  at  Wellesley 
Collie  in  the  year  1 908-1 909.  It  was  in  this  year  that  the  sec- 
ond writer  took  part  in  them  and  it  was  in  the  spring  of  this 
year  that  the  experiments  of  Part  I,  were  completed.  The  ex- 
periments of  Part  II,  were  made  in  the  following  year.  Profes- 
sor Miiller  inaugurated  both  the  experiments  of  Jacobs  and  our 
own  by  serving  as  subject. 

In  his  first  sentence,  Jacobs  refers  to  the  most  common  case 
of  the  ''external  localization"  of  remembered  words.  When  we 
wish  to  find  a  given  passage  in  a  familiar  book,  we  are  apt  to 
be  guided  by  our  recollections  of  the  place  where  it  stood- — on  the 
right-hand  or  on  the  left-hand  page,  toward  the  top  or  toward  the 
bottom  or  about  the  middle.  This  external  localization  is  dis- 
tinguished by  Jacobs  from  "internal  localization."  The  external 
localization  of  verbal  material  is  the  association  of  words  or 
syllables  with  objects  or  with  spots  in  the  subject's  perceptual 
field  of  vision.  Internal  localization  is  the  association  of  the 
words  with  points  in  the  subject's  imaginal  or  mental  field.  This 
inner  field  (we  may  infer)  is  constructed  by  the  subject's  imagi- 
nation ;  it  is  not  a  memory-copy  of  any  given  perceptual  field  and 
the  points  at  which  one  localizes  the  words  do  not  correspond  to 
any  points  at  which  they  ever  stood  when  one  actually  read  them 
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from  a  book  or  paper.  If  in  thinking  of  the  fifty-third  canto  of 
In  Memoriam,  I  visualize  the  four  stanzas  in  their  proper  posi- 
tions  on  the  right-hand  page  of  my  Rolfe  edition,  this  is  not 
internal  but  is  external  localization.  If,  on  the  other  hand,  I  wish 
to  remember  four  five-figure  telephone-numbers  and  choose  to 
visualize  them  as  written  horizontally  in  parallel  rows,  one  under 
another,  this  would  be  an  instance  of  true  internal  localization. 
The  problem  of  Jacobs  was  to  investigate  the  advantage  of  vol- 
untary internal  localization  in  learning  material  presented  to  the 
ear  and,  therefore,  not  given  in  any  spatial  setting.  In  the  major 
part  of  his  experiments,  nonsense  syllables  were  employed.  The 
series  were  learned  by  the  method  of  complete  memorizing  an! 
in  the  later  groups  of  experiments,  the  firmness  of  the  associa- 
tions was  tested,  after  varying  intervals,  by  the  method  of  right 
associates.  In  half  the  experiments,  the  subject,  when  leamii^, 
was  required  to  "localize"  the  syllables  severally  upon  round 
black  spots  arranged  in  a  simple  scheme  upon  a  sheet  of  white 
paper.  In  the  other  half,  he  was  required  to  close  his  eyes  bat 
was  left  to  his  own  devices  with  r^ard  to  internal  localization, 
which  was  neither  required  nor  forbidden.  The  expcriinents 
proved  that  learning  with  external  localization  had  a  slight  but 
unmistakable  advantage,  both  as  r^^rds  the  number  of  repeti- 
tions necessary  for  memorizing  and  as  r^;ards  the  number  oi 
right  associates  obtained  after  an  interval.  This  showing  is 
the  more  significant  because,  as  a  matter  of  fact,  nearly  all  the 
subjects,  whether  visualizers  or  not,  did  actually,  when  learning 
with  closed  eyes,  project  more  or  less  complete  visual  images  of 
the  syllables  into  the  internal  field  of  vision  in  a  pattern  more  or 
less  resembling  the  external  localization  scheme.  Incidentally, 
Jacobs  showed  that  external  localization  is  rendered  difficult  by 
a  rapid  rate  of  presentation  and  that  it  is  of  doubtful  advantage 
in  learning  material  with  meaning,  such  as  stanzas  of  poetry. 

The  first  and  most  important  part  of  our  own  experiments, 
the  part  begun  in  Gottingen,  is  in  contrast,  and  at  the  same  time 
complementary  to  the  experiments  of  Jacobs  in  the  following 
points:  In  the  first  place,  the  material — ^which  consisted  of 
"normal"  series  of  nonsense  syllables — ^was  presented  to  the  eye 
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and,  moreover,  was  presented  in  such  a  manner  as  to  foster  to 
the  utmost  memories  of  spatial  positions  and  relations.  The 
subjects  were  not,  indeed,  instructed  to  indulge  in  external  locali- 
zation but  they  read  the  syllables  from  the  sharply  demarcated 
and  symmetrically  arranged  fields  of  an  exposure-tablet  and 
could  not  well  aVoid  forming  place  associations.  In  the  second 
place,  we  used  the  method  of  right  associates,  pure  and  simple. 
Thus,  none  of  our  series  were  supposed  to  be  completely  memor- 
ized.^ Our  purpose  was  not  directly  to  test  the  value  of  external 
localization  in  memorizing, — as  Jacobs  tested  it  in  terms  of  neces- 

*A  brief  description  of  this  method  may  be  convenient  to  some  readers. 
The  method  of  right  associates  is  the  Treffer-  und  Zeitmethode  of  Miiller 
and  Pilzecker.  (Experimentelle  Beitrage  xur  Lehre  vom  Gedachtniss,  Zett- 
sdirift  ftsr  Psych,  und  Physiol,  der  Sdnn^sorgane,  Erganzuni^sbund  I,  pp. 
3-24.)  In  this  method,  series  of  impressions — say,  of  nonsense  syllables — are 
presented  to  the  subject  a  number  of  times,  whidi  should  always  be  insuffi- 
cient for  complete  memorizing.  After  an  interval  long  enough  to  allow  all 
mental  echoes  of  the  series  to  die  away,— an  interval  perhaps  of  three 
minutes,  perhaps  of  twenty-four  hours — ^half  the  syllables,  either  all  the  odd- 
nunxber  syllables  or  all  the  even-number  syllables,  are  presented  to  the  sub- 
ject singly  and  never  in  the  order  in  which  they  originally  stood.  The 
subject  is  required  to  name  in  each  case  the  next  succeeding  or  the  next 
preceding  syllable  according  to  the  half  of  the  syllables  selected  for  presenta- 
tion. The  reproduction  time,  or  the  time  during  which  the  subject  reflects 
before  he  responds  with  "Nichts"  or  "Don't  know"  is  measured.  The  re- 
sults are  in  terms  of  four  classes  of  cases,  right  cases,  wrong  cases,  partly 
right  cases,  and  zero  cases,  with  the  corresponding  average  reaction  times. 
Cases  in  which  the  subject  names  exactly  the  syllables  which  he  is  required 
to  name  are,  of  course,  right  cases.  Cases  in  which  he  names  a  syllable 
which  has  two  elements  in  common  with  the  proper  syllable  or  w^ich  con- 
tains the  proper  elements  in  reverse  order  are  partly  right  cases.  (The 
three  elements  of  the  Mtiller  syllables  arc  the  initial  consonant,  the  central 
vowel  or  diphthong,  and  the  terminal  consonant.)  All  other  cases  in  which 
syllables  are  named  are  counted  as  wrong  cases.  Cases  in  which  the  subject 
names  no  syllable  at  all  make  up  the  class  of  zero  cases.  In  the  case  of  a 
positive  reaction,  the  time  actually  measured  is  always  slightly  greater  than 
the  reproduction  time  proper  since  it  contains  not  merely  this  time  but  also 
the  time  necessary  for  the  subject  to  apprehend  the  syllable  presented,  his 
motor  reaction  time,  and  the  negligible  time  spent  in  overcoming  the  inertia 
of  the  apparatus.  The  reproduction  time  is,  however,  not  merely  the  largest 
but  also  the  most  variable  part  of  this  gross  reaction  time,  so  that  we  may 
safely  assume  that  when  the  gross  reaction  time  is  short,  the  association  is 
strong  and  unimpeded,  and  that  when  the  gross  reaction  time  is  long,  the 
association  is  weak  or  partially  inhibited. 
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sary  repetitions, — ^but  to  test  it  indirectly  by  gauging,  as  we  shall 
explain  in  a  moment,  the  importance  of  place  associations  in  re- 
call.    In  the  third  place,  the  stimulus-syllables  in  our  test-pro- 
cedure were  exposed  under  two  different  conditions.     We  ex- 
posed part  of  them  in  the  same  positions  on  the  exposure-tablet  in 
which  they  had  stood  when  the  subject  read  the  series  and  we 
exposed  the  rest  in  other  places.    By  this  procedure,  we  sought 
to  determine  whether  or  not  syllables  exposed  in  "right"  places 
were  more  likely  to  evoke  the  proper  associates  than  syllables 
exposed  in  ''wrong"  places.    If  this  is  a  fact,  it  is  an  indirect 
proof  of  the  importance  of  place  associations  in  learning,  for  in 
the  cases  of  right  exposure,  the  place  associations  would  seem 
to  reinforce  the  associations  between  the  pairs  of   syllables. 
Moreover,  if  syllables  presented  in  the  wrong  places  are  relatively 
unlikely  to  recall  right  associates,  or  if  the  reproduction  time  is 
unduly  prolonged,  one  may  well  suspect  an  interference  between 
two  sets  of  associative  connections.    Suppose,  for  example,  that 
a  test-procedure  is  in  progress  in  which  the  subject  is  required  to 
name  the  syllable   following  the  syllable  exposed.     Suppose, 
further,  that  the  syllable  which  stood  in  the  third  place  when  the 
subject  read  and  reread  the  series  is  now  exposed  in  the  seventh 
place.    This  seventh  place  will  suggest  the  eighth  place  and  this 
place  in  turn  will  tend  to  suggest  the  syllable  which  stood  in  the 
eighth  place.     On  the  other  hand,  the  third  syllable  itself  will 
not  only  tend  to  suggest  the  fourth  syllable  but  will  also  suggest 
the  third  place.    The  third  place  will  suggest  the  fourth  place 
and  this  place  in  turn  will  also  tend  to  suggest  the  fourth  syl- 
lable.   If  both  sets  of  associations  are  strong,  some  blocking  of 
the  reaction  will  be  almost  inevitable. 

As  a  matter  of  fact,  the  numerical  results  do  show  a  clear 
though  slight  correlation  between  right  exposure  and  right  re- 
sponse and  between  wrong  exposure  and  incorrect  or  negative 
response.  They  also  show  a  correlation  between  correct  recall  of 
the  place  in  which  a  stimulus-syllable  originally  stood  and  reac- 
tion with  the  proper  syllable.  This  last  fact,  however,  is  no 
proof  of  the  instrumentality  of  place  associations  in  the  recall  of 
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the  right  syllable,  since  the  syllables  were  learned  undoubtedly  in 
and  with  their  spatial  settings  on  the  tablet,  and  it  must  have  been 
perfectly  possible  to  recall  both  the  place  of  the  stimulus-syllable 
and  the  syllable  paired  with  it  without  having  the  one  memory 
dependent  upon  the  other.  Nevertheless,  the  introspection  of  the 
subjects  shows  conclusively  that  place  associations  did  play  an 
important  part  in  the  recall  of  syllables. 

The  second  and  less  important  part  of  our  experiments  is 
supplementary  both  to  the  first  part  and  to  the  experiments  of 
Jacobs.  In  these  experiments,  also,  we  presented  normal  series 
of  nonsense  syllables  to  the  eye  and  employed  the  unmodified 
method  of  right  associates.  But  whereas  in  the  first  part  of  the 
experiments  all  the  series  were  learned  from  the  exposure-tablet, 
in  the  second  part  half  the  series  were  learned  from  a  revolving 
drum.  Moreover,  during  the  test-procedure  in  these  latter  ex- 
periments, all  the  syllables  out  of  all  the  series  were  exposed  in 
the  same  place  upon  the  tablet,  whereas  in  the  earlier  experi- 
ments they  were  shown  in  different  places.  Thus  in  half  the  ex- 
periments of  this  second  part,  spatial  associations  were  fostered 
by  the  use  of  the  exposure-tablet  in  memorizing,  and  in  the  other 
half,  they  were  minimized  by  showing  the  syllables  singly  in  a 
screen-slit  in  front  of  the  drum.  In  the  drum  series,  however,  the 
subjects  were  left  at  perfect  liberty  to  have  an  exposure-tablet  in 
the  mental  field  of  vision.  Consequently,  these  experiments  are 
exactly  parallel  to  those  of  Jacobs,  with  the  substitution  of  visual 
for  aural  presentation  and  of  the  method  of  right  associates  for 
Jacobs's  combination  of  this  method  with  the  method  of  complete 
memorizing.  In  other  words,  we  strove  to  determine  the  value 
of  place  associations  in  memorizing  by  testing  the  degree  to 
which  the  two  sets  of  series  were  mastered  with  the  same  number 
of  repetitions,  whereas  Jacobs  sought  primarily  to  find  the  num- 
ber of  repetitions  necessary  for  completely  memorizing  his  twcf 
sets,  testing  incidentally  the  firmness  of  the  once-perfected  as- 
sociations by  the  method  of  right  associates.  Some  of  our  work 
miscarried  and  the  results  which  are  worth  reporting  are  not 
extensive  but,  as  far  as  they  go,  they  are  in  entire  harmony  both 
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with  the  results  of  Jacobs  and  with  the  data  obtained  in  our  own 
earlier  experiments.* 

*In  his  opening  pages,  Jacobs  summarizes  earlier  and  incidental  observa- 
tions in  regard  to  the  role  of  place  associations  in  memorizing.  One  of  the 
most  important  of  these  observations  is  that  of  Miiller  and  Pilzcckcr  {op. 
cit,  p.  221)  to  the  effect  that  associations  of  "absolute  place"  in  mcmonzing 
syllables,  visually  presented,  may  take  at  least  three  forms,  tv.:  assodatkos 
between  the  several  syllables  and  number  words  (such  as  third  or  eighO^), 
associations  between  syllables  and  the  intonations  with  which  the  subject 
may  read  aloud  various  parts  of  the  series,  and  associations  between  syllables 
and  some  visible  marker  of  spatial  position  (such  as  the  strip  of  blank  paper 
separating  the  last  from  tiie  first  syllable  upon  the  exposure-drum).  AH 
these  associations  may  properly  be  called  place  associations,  but  only  the 
last  class  are  spatial.  Our  own  experiments  and  those  of  Jacobs  were 
entirely  concerned  with  associations  of  spatial  i^ace  and  the  term  place  as- 
sociaHons  must  here  be  understood  to  refer  exclusively  to  associations  of 
spatial  position. 

Although  Professor  MuUer  suggested  and  planned  the  experiments  here 
reported,  the  interest  of  the  first  writer  in  spatial  associations  did  not  b^gia 
in  Gottingen  but  in  memorizing  blindfold,  at  Wellesley,  series  of  smells  by 
the  reconstruction  method.  In  these  experiments,  the  subject  made  use  not 
merely  of  visual  images  of  parts  of  the  table  and  of  her  own  body  but  also 
of  percepts  and  images  of  the  arm-movements  involved  in  placing  the  scent- 
bottles  at  various  points  on  the  table.  The  writer  attributes  her  success  in 
memorizing  and  reconstructing  the  series  largely  to  the  precision  of  her 
place  memories.  See  Memorinng  Various  MaieriaU  by  tht  ReconstrucHam 
Method,  Wellesley  College  Studies  in  Psychology,  Number  1,  Psych.  Re- 
view, Whole  Number  43,  pp.  9^  106-107,  116  and  127. 
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PARTI 

SPATIAL  ASSOCIATIONS  IN  RECALL 

Method,  Material  and  Apparatus 

We  have  already  stated  that  our  experimental  procedure  was 
the  method  of  right  associates  (Treffer-  und  Zeitmethode)  of 
Mtiller  and  Pilzecker.  In  the  following  paragraphs,  the  peculiar 
features  of  our  own  procedure  will  be  noted,  the  apparatus  em- 
ployed will  be  described  and  the  nature  of  the  nonsense  syllables 
memorized  will  be  exactly  specified. 

I,  PeculiaHties  of  Our  Own  Method. — ^The  topics  which 
should  receive  mention  in  a  description  of  our  own  method  are 
these:  (a)  presentation  of  material,  (b)  rate  and  rhythm  of 
repetition,  (c)  number  of  repetitions,  (d)  the  conduct  of  the 
test-procedure,  (e)  the  statistical  treatment  of  results  and  (/)  the 
requirements  made  of  the  subjects. 

a.  Presentation  of  Material. — ^In  our  own  experiments,  as  we 
have  already  noted,  presentation  was  visual  and  the  syllables 
were  read,  in  time  with  a  metronome,  from  the  sharply  demarc- 
ated sections  of  an  exposure-tablet.  This  method  of  presenta- 
tion was  adopted  because,  as  we  hav%  already  said,  the  point  at 
i$sue  in  these  experiments  was  the  assistance  in  recall  which 
might  be  rendered  by  spatial  associations  formed  during  the 
process  of  memorizing.  The  exposure  of  the  syllables  in  the 
"squares"  of  the  exposure-tablet  made  the  formation  of  such 
associations  easy  and  almost  inevitable.  The  subject  read  the 
series  line  by  line  from  left  to  right,  looking  at  the  tablet  through 
the  slit  in  the  fall-screen  which  will  presently  be  described.  The 
experimenter  could  govern  the  time  during  which  the  series  was 
visible  by  opening  and  closing  the  slit. 

&.  Rate  and  Rhythm  of  Repetition. — ^In  all  our  experiments 
the  series  were  read  in  strong  trochaic  rhythm.  The  rate  of 
repetition  for  all  the  American  subjects  except  G.  was  one  syllable 
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to  a  second  and  for  the  subjects  M.  and  G.  one  syllaWe  to  every 
five-sixths  of  a  second  The  untrained  American  subjects  were 
allowed  to  read  at  the  comparatively  slow  rate  of  one  syllable  to 
a  second  because  the  irregularities  of  spelling  and  pronunciation 
in  the  English  language  make  relatively  difficult  the  pronuncia- 
tion of  nonsense  syllables  presented  to  the  eye  as  well  as  the 
spelling  of  nonsense  syllables  presented  to  the  ear. 

c.  Number  of  Repetitions. — ^The  number  of  repetitions  was 
varied  from  subject  to  subject  since,  in  the  method  of  rigbt  as- 
sociates, the  number  should  never  be  so  great  as  to  enable  the 
subject  to  give  more  than  50  per  cent  on  the  average  of  right 
answers  in  the  test-procedure.  The  number  was  usually  dimin- 
ished for  the  individual  subject  as  practice  increased.  The  num- 
ber of  repetitions  allowed  to  each  subject  is  given  in  Table  L 

d.  The  Test-Procedure.^-Tht  points  which  should  be  noted 
are :  ( i )  the  interval  between  the  learning  and  the  testing  of  eadi 
series,  (2)  the  choice  of  syllables  for  presentation,  (3)  the  order 
in  which  these  syllables  were  exposed,  and  (4)  the  system  ac- 
cording to  which  the  syllables  were  shifted  from  the  positions  in 
which  they  stood  when  the  series  were  learned. 

1.  In  all  our  experiments  the  interval  allowed  to  elapse  b^ 
tween  the  last  presentation  and  the  testing  of  the  subject's 
mastery  of  the  series  was  three  minutes.  During  this  interval 
the  subject's  attention  was  distracted;  M.  read  the  Fliegende 
Blatter;  the  other  subjects  were  "entertained"  by  the  experi- 
menters. 

2.  All  our  subjects  except  G.  and  W.  were  shown  odd-number 
syllables  and  were  required  in  each  case  to  name  the  syllable 
following.  R^ressive  recall  was  required  of  G.  and  W.  because 
Professor  Miiller,  after  serving  as  subject  with  progressive  re- 
call, suggested  that  regressive  recall  would  put  a  higher  premium 
upon  spatial  associations.  Regressive  recall  was  not  required 
of  the  unpractised  subjects,  B.,  D.,  H.,  and  P.  because  the  task 
was  supposed  to  be  too  difficult  for  them. 

3.  It  is  necessary  to  present  the  syllables  which  are  to  evoke 
reactions,  in  an  order  different  from  that  in  which  they  stood  in 
the  original  series.    If  the  order  is  the  same,  the  method  virtually 
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becomes  a  variety  of  the  prompting  method  and  the  process  of 
recall  is  akin  to  continuous  recitation.  Moreover,  the  syllables 
which  occupy  the  same  numerical  positions  in  the  series  should 
not  be  presented  in  the  same  order  from  day  to  day, — e.g.,  the 
order  of  presentation  should  not  always  be  11,  7,  3,  9,  5,  i, — ^be- 
cause the  last  syllable  presented  always  has  a  special  advantage 
and  a  special  disadvantage  which  may  or  may  not  compensate. 
On  the  one  hand,  the  subject  can  often  arrive  at  the  proper  re- 
action by  a  process  of  elimination,  by  guessing  at  the  right  syP 
lable  from  the  syllables  he  has  already  named  and,  on  the  other 
hand,  the  association  to  be  tested  is  least  fresh,  being  separated 
by  the  widest  interval  of  time  from  the  learning  process.  There- 
fore, a  compensating  program  of  exposures  should  always  be 
adopted.  The  program  employed  in  our  experiments  with  series 
of  twelve  syllables  was  copied  from  the  procedure  of  Miiller  and 
Pilzecker  and  was  as  follows :  Series  i,  Syllables  n,  7,  3,  9,  5,  i ; 
Series  2,  Syllables  7,  3,  9,  5,  i,  11;  Series  3,  Syllables  3,  9,  5, 
I,  II,  7;  Series  4,  Syllables  9,  5,  i,  11,  7,  3.  And  so  on  in  a 
cycle.  The  program  used  with  series  of  eighteen  syllables  was 
exactly  similar  except  in  the  case  of  the  too  expert  subject  G.,  for 
whom  a  special  program  (unknown  to  herself),  had  to  be  made 
out.  In  this  case  the  initial  order  was  18,  12,  6,  16,  10,  4,  14, 
8, 2.    This  order  was,  of  course,  also  treated  in  cyclic  fashion. 

4-  We  have  already  stressed  the  point  that  in  our  experiments 
it  was  essential  that  the  syllables  should  be  presented  to  the  eye 
in  different  places  upon  the  exposure-tablet,  sometimes  in  the 
position  in  which  they  had  been  learned  and  sometimes  in  new 
or  "wrongf"  positions.  The  shifts  were  made  systematically  by 
a  compensating  program.  The  places  in  which  syllables  had 
stood  during  the  learning  process  were  called  "right  places"  and 
all  new  positions  were  called  "wrong  places."  No  syllable  was 
ever  shown  directly  above  or  below  the  right  place.  As  a  speci- 
men procedure,  part  of  the  program  used  in  the  case  of  M.  may 
be  given.  This  subject  learned  three  series  a  day.  Each  series 
contained  eighteen  syllables,  so  that  nine  syllables  were  presented 
in  each  test-procedure.  Of  these,  either  six  or  three  were  in 
wrong  places — if  six,  the  series  was  called  "hard";  if  three,  it 
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was  called  "easy."  The  subject  learned  either  two  hard  and  one 
easy  series  a  day  or  vice  versa,  according  to  an  alternating  pro- 
gram. On  the  first  day  of  the  experiments  actually  taken  into 
account,  the  shifts  in  the  first  series  were  as  follows:  ist  sylla- 
ble to  3rd  place,  3rd  to  5th,  5th  to  ist;  and  7th  syllable  to  9th 
place,  9th  to  nth,  nth  to  7th.  In  the  second  series,  they  were: 
13th  to  15th,  15th  to  17th,  and  17th  to  13th.  In  the  third  series, 
1st  to  9th,  9th  to  17th,  17th  to  1st;  and  3rd  to  nth,  nth  to  13th, 
13th  to  3rd.  On  the  second  day,  the  shifts  were  as  follows: 
ist  series,  sth  to  7th,  7th  to  isth,  15th  to  sth;  2nd  series,  5th  to 
9th,  9th  to  13th,  13th  to  Sth,  and  3rd  to  7th,  7th  to  17th,  17th  to 
3rd;  3rd  series,  ist  to  nth,  nth  to  isth,  isth  to  ist  Third 
day:  ist  series,  13th  to  nth,  nth  to  3rd,  3rd  to  13th,  and  15^1 
to  7th,  7th  to  5th,  5th  to  15th;  2nd  series,  17th  to  9th,  9th  to  ist, 
1st  to  17th;  3rd  series,  17th  to  7th,  7th  to  3rd,  3rd  to  17th  and 
15th  to  nth,  nth  to  ist,  ist  to  15th.  Fourth  day:  ist  series, 
13th  to  9th,  9th  to  5th,  5th  to  13th;  2nd  series,  nth  to  gtfa, 
9th  to  7th,  7th  to  nth,  and  17th  to  15th,  15th  to  13th,  13th  to 
17th;  3rd  series,  5th  to  3rd,  3rd  to  ist,  ist  to  5th.  The  program 
continues  in  a  cyclic  series  of  variations  which  need  not  encumber 
these  pages.  The  cycle  of  shifts  was  completed  in  two  more 
days.  This  cycle  was  repeated  three  times  and  was  once  more 
about  half  completed.  The  experiments  taken  into  accotmt  ex- 
tended over  twenty  days. 

e.  Statistical  Treatment  of  Reactions. — ^A  few  words  should 
be  said  on  this  point  because  our  sets  or  '^constellations"  of  cases 
are  not  grouped  in  the  ordinary  fashion  of  the  method  of  right 
associates.  Usually  the  sets  are  grouped  according  to  the  con- 
ditions under  which  the  different  series  were  learned.  In  our 
experiments  the  sets  are  formed  according  to  the  conditions 
under  which  the  diflFerent  syllables  were  presented  in  the  test- 
procedure.  Thus,  syllable-reactions  belonging  to  the  same  series 
may  be  included  in  diflFerent  sets  of  cases  and  syllable-reactions 
belonging  to  diflFerent  series  may  be  included  in  the  same  set 
of  cases. 

/.  Requirements  Made  of  the  Subjects. — As  we  have  already 
said,  the  subjects  were  required  to  read  the  series  aloud  in  tro- 
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chaic  rh3rthin  to  the  beats  of  a  metronome.  They  were  told  to 
begin  reading  the  series  on  the  second  beat  after  that  upon  which 
it  was  exposed,  and  at  the  end  of  each  repetition  to  allow  two 
beats  to  pass  before  beginning  the  next.  They  were  not  especially 
enjoined  to  memorize  without  the  use  of  auxiliary  associations 
(mnemonic  devices).  The  experimenters  believed  that  the  pro- 
hibition of  such  devices  does  not  really  inhibit  their  use  even  in 
the  case  of  conscientious  subjects,  and  hoped  that  a  profuse 
crop  of  auxiliary  associations  would  be  prevented  by  the  rather 
rapid  rate  of  reading.  As  will  later  appear,  they  were  in  some 
d^^ee  disappointed  in  this  expectation  but  they  were  far  from 
"encouraging"  the  subjects  to  make  such  associations.  Special 
instructions  had  to  be  given  to  the  subjects  in  regard  to  the  use 
of  the  lip-key  but  these  instructions  need  scarcely  be  repeated 
here.  After  each  reaction,  the  subject  was  asked  whether  the 
syllable  exposed  had  been  shown  in  the  right  place.  If  he 
answered  "No,"  he  was  asked  to  name  the  place  where  it  really 
had  stood  in  the  process  of  learning.  He  was  allowed  to  answer 
this  question  either  by  giving  the  number  of  the  rhythmical  foot 
or  by  saying  "the  first  place,"  "the  ninth  place"  or  the  like,  or 
by  saying  "the  second  place  in  the  second  row"  or  the  like. 
After  the  final  testing  of  each  series,  he  was  also  supposed  to 
state  any  auxiliary  associations  which  might  have  come  into 
play.  The  attention  which  was  thus  called  to  mnemonic  devices 
probably  had  the  unfortunate  effect  of  increasing  their  number. 
Lastly,  in  zero  cases  (cases  in  which  the  stimulus-syllable  re- 
called no  other  syllable  at  all),  the  subject  was  asked  (after  each 
reaction)  whether  the  syllable  exposed  seemed  familiar  (bekannt) 
or  unfamiliar  (fremd). 

II.  Apparatus. — ^The  apparatus  may  be  described  under  two 
headings:  (a)  the  exposure-tablet  and  (b)  the  apparatus  used  in 
measuring  reaction  time.  Under  (6)  the  actual  manipulation 
of  the  apparatus  used  in  the  time  measurements  will  also  be 
described. 

a.  Exposure-Tablet — ^This  was  designed  by  Professor  Mul- 
ler  for  these  experiments.*     As  used  in  the  Wellesley  experi- 

'The  tablet  was  made  by  Spindler  and  Hoyer  of  Gottingen.     See  their 
Apparate  fur  psychologische  Uniersuchungen,  Preisliste  21  (1908),  p.  157. 
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ments,  it  consisted  of  a  metal  frame  which  was  supported  by  two 
metal  uprights  upon  a  wooden  base.    The  frame  itself  was  com- 
posed of  four  sections,  each  about  38  cm.  long  and  each  contain- 
ing six  rectangular  openings,  3.8  by  3.2  cm.  in  size,  with  the 
long  side  horizontal.     When  the  sections  were  fitted  together, 
the  twenty-four  openings  were  separated  from  one  another  by 
narrow  margins  of  metal  and  formed  a  very  compact  field,  so 
that  no  sweeping  eye-movement  was  required  in  passing  from 
the  right  end  of  one  row  to  the  left  end  of  the  row  below.    The 
field  of  openings  was  bordered  above,  below,  and  on  both  sides 
by  a  wide  margin  of  the  metal.    Each  of  the  four  plates  had  a 
back  with  a  spring-hinge,  opening  downwards  and  divided  into 
six  compartments  into  which  cards  could  easily  be  slipped.  When 
this  spring-back  was  in  position,  the  cards  filled  the  open  spaces 
in  the  upright  part  of  the  metal  plate.    The  whole  f  ramewoik 
was  painted  black  so  that  the  white  cards,  upon  which  the  syl- 
lables were  written,  were  sharply  defined  by  their  borders  and 
had  somewhat  the  effect  of   four  horizontal  rows  of  lighted 
windows  upon  a  blank  and  dark  wall.    The  metal  plates  were 
supplied  at  each  end  of  the  back  with  rings  which  slid  up  and 
down  upon  the  uprights  of  the  base.    Thus,  two,  three  or  four 
plates  could  be  used  at  one  time  according  to  the  length  of  the 
series.     (Two  of  the  plates  were  supplied  with  a  wide  margin 
of  metal  upon  one  of  their  horizontal  edges.)    The  level  of  the 
field  could  be  slightly  altered  to  suit  the  convenience  of  subjects 
of  different  heights.    The  subjects  sat  at  the  end  of  a  table  with 
the  fall-screen,  presently  to  be  described,  between  them  and  the 
tablet.    Both  the  level  of  the  tablet  as  a  whole  and  its  distance 
from  the  screen  were  altered  to  suit  the  eye-level  and  reading- 
distance  of  the  different  subjects.    To  the  end  of  the  table  was 
clamped  an  adjustable  chin-rest  modelled  after  the  one  in  use  in 
the  Gottingen  laboratory.     This  description  of  the  exposure- 
tablet  applies  in  detail  only  to  the  one  used  in  the  experiments 
made  in  the  Wellesley  laboratory  in  the  years  1908-1909  and 
1909-1910.  The  tablet  used  in  the  Gottingen  experiments  in  1906- 
1907  was  the  first  of  its  kind  and  was  inferior  to  the  tablet  just 
described.     Upon  this  tablet,  only  eighteen  syllables  could  be 
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presented  and  the  openings  were  much  larger,  so  that  the  eye- 
movements  involved  in  glancing  from  one  part  of  the  field  to 
another  were  considerable. 

b.  Apparatus  Used  in  Measuring  the  Reaction  Time. — 
Throughout  our  experiments,  this  apparatus  was  almost  exactly 
similar  to  that  used  by  Mtiller  and  Pilzecker,  and  described  in 
detail  by  these  writers.*  In  fact,  the  fall-screen  and  lip-key  used 
in  the  first  group  of  experiments  (those  made  in  Gottingen) 
were  the  very  same  screen  and  key  which  Miiller  and  Pilzecker 
had  employed.  The  apparatus  used  in  the  Wellesley  experi- 
ments will  be  described  in  some  detail,  since  it  differed  in  a  few 
particulars  from  that  of  Mtiller  and  Pilzecker,  and  since  the 
reader  may  not  have  the  work  of  these  investigators  freshly  in 
mind.  The  apparatus  included  two  electric  circuits.  In  the 
first,  we  had  a  storage  battery  of  about  ten  volts,  a  commutator, 
a  simple  homemade  arrangement  for  introducing  variable  re- 
sistance, and  the  electromagnet  of  the  fall-screen.  This  fall- 
screen  really  consisted  of  two  screens,  a  fixed  screen,  75  cm: 
high  and  45  cm.  wide,  made  up  of  a  wooden  frame  painted  black 
and  filled  in  at  the  front  with  black  card-board,  and  a  movable 
screen  of  the  same  material  which  slid  up  and  down  in  a  groove 
behind  the  card-board  front  of  the  larger  screen.  Both  screens 
contained  slits,  18  cm.  from  side  to  side  and  5  cm.  from  top  to 
bottom.  When  the  electric  circuit  was  closed,  the  current  flowed 
through  the  coils  of  an  electromagnet  at  the  top  of  the  fixed 
screen  and  the  fall-screen  was  held  suspended  by  means  of  the 
armature  on  its  top.  When  the  fall-screen  was  in  this  position 
the  slit  in  the  fixed  screen  was  covered.  At  the  instant  the  cir- 
cuit was  broken,  the  movable  screen  fell  and  came  to  rest  in 
such  a  position  that  the  slits  in  the  two  screens  coincided.  It 
was  behind  this  opening  that  the  exposure-tablet  was  placed  In 
the  second  circuit,  we  had  a  storage  battery  of  two  volts,  a  com- 
mutator, a  resistance  device  similar  to  the  one  used  in  the  first 
circuit,  a  Hipp  chronoscope,  its  control  apparatus,  the  lip-key, 
and  a  make-and-break  device  attached  to  the  side  of  the  fixed 

*  Pi).  3-7.  The  Hp-kcy  used  at  Wellesley  was  made  by  Spindlcr  and  Hoycr 
and  is  described  on  i>age  128  of  Preislisie  21. 
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screen.  The  lip-key  and  make-and-break  device  were  in  parallel 
The  make-and-break  device  consisted  of  a  small  metal  lever 
which,  as  long  as  the  movable  screen  was  held  up,  lay  across  two 
binding  posts  on  the  frame  of  the  fixed  screen.  When  the  fall- 
screen  came  down,  it  struck  that  end  of  the  lever  which  did  not 
lie  across  the  posts  and  came  to  rest  upon  it,  thus  raising  the 
other  end  and  keeping  the  circuit  open  at  this  point.  This  chro- 
noscope  circuit  could  also  be  made  and  broken  at  the  lip4^ey. 
The  connections  were  so  adjusted  that  the  chronoscope  ran  on 
the  open  circuit.  The  chronoscope-control  instrument  in  the 
Wellesley  experiments  was  the  Ebbinghaus  fall-apparatus.  The 
lip-key  was  held  at  any  desired  height  by  clamps  and  rods  at- 
tached to  the  subject's  chin-rest 

Manipulation  of  the  Apparatus,' — ^In  the  Gottingen  experi- 
ments all  the  work  was  done  by  one  experimenter,  but  in  the 
Wellesley  experiments  the  same  work  was  divided  between  two 
and  sometimes  between  three  persons.  When  in  experiments  by 
the  method  of  right  associates  the  interval  between  learning  and 
testing  (as  in  our  experiments)  amounts  to  only  a  few  minutes, 
it  is  important  that  the  testing  should  proceed  as  rapidly  as  pos- 
sible for,  if  it  drags,  the  first  associations  called  into  play  will 
be  much  fresher  than  the  last  At  the  beginning  of  the  test- 
procedure  and  between  the  experiments  with  the  different  syl- 
lables exposed,  both  circuits  were  closed  and  the  slit  in  the  fixed 
screen  was  covered  by  the  movable  screen.  As  the  first  step  in 
each  test,  an  experimenter  started  the  clock-work  of  the  chron- 
oscope. Its  buzzing  sound  warned  the  subject  to  raise  the  lever 
of  the  lip-key,  thus  breaking  the  chronoscope  circuit  in  the  lip- 
key  branch.  The  next  steps  were  to  bring  the  subject  into  an 
attitude  of  expectancy  with  the  word  "Los"  or  "Now",  and  about 
two  seconds  afterwards  to  break  the  magnet  circuit  at  the  com- 
mutator, thus  allowing  the  movable  screen  to  fall  As  soon  as 
the  subject  reacted,  thus  closing  the  chronoscope  circuit  through 
the  lip-key  branch,  one  experimenter  lifted  the  screen  into  i^ace 
and  put  upon  the  exposure-tablet  the  syllable  next  to  be  shown, 
while  the  other  experimenter  took  the  chronoscope  reading  and 
recorded  the  subject's  reaction  and  introspection. 
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III.  Material. — ^In  the  Gottingen  experiments,  the  material 
memorized  consisted  of  "normar'  series  of  nonsense  syllables 
made  according  to  the  Mtiller  and  Schtmiann  rtiles  as  adapted 
by  Miiller  and  Pilzecker  to  series  of  eighteen  members.*^  For 
the  Wellesley  experiments  comparable  series  of  twelve  and  eigh- 
teen members  were  made  by  adapting  the  Miiller,  Schumann  and 
Pilzecker  rules  to  the  peculiarities  of  the  English  language.  The 
rules  applied  in  making  these  "English"  series  are  given  else- 
where in  great  detail  by  the  first  writer.*  A  typical  series  of 
eighteen  members  is  the  following:  buv,  chure,  seje,  poit,  yed, 
zobe,  thas,  life,  wouz,  kane,  tish,  vox,  make,  goig,  fith,  huch,  jam, 
rel.  These  series  are  to  be  pronounced  strictly  "by  soimd," — 
i.e.,  according  to  the  sounds  proper  to  the  English  letters  in  the 
several  combinations.  Thus,  buv  should  rhyme  with  dove,  chure 
with  sure,  poit  with  quoit,  yed  with  red,  and  jsobe  with  robe,  and 
seje  should  be  pronoimced  like  siege.  When  in  our  laboratory, 
such  series  are  presented  to  the  eye  and  read  aloud  by  the  sub- 
ject, mistakes  of  pronunciation  are  promptly  corrected  by  the 
experimenter. 

Before  we  pass  to  the  consideration  of  the  experimental  results, 
we  must  name  the  subjects  who  will  figure  in  them.  A  descrip- 
tion of  the  subjects  as  memorizers  will  be  given  in  connection 
with  the  introspective  data.  The  subjects  who  will  be  called 
M.,  G.  and  W.  are,  respectively.  Professor  Mtiller,  and  the  two 
writers  of  this  report.  W.  was,  at  the  time  these  experiments 
were  made,  an  undergraduate  pursuing  advanced  courses  both 
in  psychology  and  in  physics.  She  also  served  as  experimenter 
upon  other  subjects  and  was  chief  manager  of  the  apparatus. 
The  subjects  called  B.,  D.,  H.,  and  P.  were  Misses  Helen  Burr, 
Harriet  Decker,  Grace  Hendrie  and  Hortense  Peters.  These 
four  subjects  were  draughted  in  the  spring  term  from  a  class  of 

'See  MuUer.and  Schamann,  Experimentelle  Beitrage  sur  Uniersuchung 
des  Geddchtnisses,  Zextschrift,  f.  Psych,  und  Physiol,  der  Sinnesorgane, 
6,  pp.  99-106 ;  and  Muller  and  Pilzecker,  op.  cit,  p.  3. 

*See  die  study  of  Memorixing  by  the  Reconstruction  Method  already 
cited,  pp.  19-22.  For  additional  discussion  of  these  series,  see  p.  no  of  these 
studies. 
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Students  who  were  completing  a  first  but  "three-hours-for-a- 
year"  course  in  psycholc^y. 

Details  in  regard  to  the  amount  of  work  required  of  the 
several  subjects  are  as  follows :  All  the  subjects  worked  through 
a  short  series  of  preliminary  experiments,  made  to  determine  the 
proper  number  of  readings,  the  best  reading-distance,  and  so  on. 
With  B.,  D.,  H.,  and  P.,  this  preliminary  series  was  very  short, 
since  the  time  which  they  could  give  to  the  experiments  was 
strictly  limited.  In  the  experiments  whose  resttlts  are  here  re- 
ported, M.  woriced  (as  has  been  said)  twenty  days,  learning 
three  series  a  day;  G.,  twenty-four  days,  learning  four  series  a 
day;  W.,  twenty  days,  learning  three  series  a  day;  and  B.,  D., 
H.,  and  P.,  thirteen,  fifteen,  fourteen  and  sixteen  days  respect- 
ively, learning  four  series  a  day.  The  subjects  worked  about 
four  times  a  week  in  successive  weeks.  With  all  except  W.,  the 
interval  between  the  end  of  a  test-procedure  and  the  first  reading 
of  the  next  series  learned  on  the  same  day  was  about  two  min- 
utes; with  W.,  it  was  about  five  minutes. 

The  reader  will  easily  see  in  following  the  discussion  of  re- 
sults that  they  do  not  furnish  data  for  exactly  comparing  the 
facility  of  the  various  subjects  in  memorizing.  The  conditions 
imposed  upon  the  several  subjects  differed  much.  M.,  G.,  and  W. 
learned  series  of  eighteen  members;  the  others,  series  of  only 
twelve.  M.  and  G.  read  at  a  rate  faster  than  that  of  the  un- 
trained subjects  and  both  had  trouble  in  the  mere  "seeing"  of  the 
syllables,  whereas  all  the  others  had  younger  and  better  eyes. 
M.  G.  and  P.  were  allowed  a  much  smaller  number  of  readmgs 
than  the  others.  Finally,  G.  and  W.  were  assigned  the  task  of 
naming  the  syllable  preceding  the  stimulus-syllable,  whereas  all 
the  others  had  the  easier  task  of  naming  the  syllable  followii^. 
In  particular,  W.  must  not  be  directly  compared  with  the  other 
untrained  subjects,  since  her  longer  series  and  the  regressive  re- 
call demanded  of  her  put  her  on  quite  another  footing  in  spite 
of  the  large  number  of  readings  permitted  her.  This  remark  is 
made  because  in  the  pages  which  follow  it  is  repeatedly  necessary 
to  call  attention  to  the  small  percentage  of  right  associates  ob- 
tained by  W. 
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Numerical  Results 

The  numerical  results  furnish  data  for  answering  four  main 
questions.  (I)  Is  there  a  correlation  between  right  and  wrong 
exposure,  on  the  one  hand,  and  the  percentages  of  right,  partly- 
right,  and  wrong  associates  and  zero  cases  on  the  other  hand? 
This  question  bears  upon  the  effect  of  an  external  condition  (en- 
tirely within  the  control  of  the  experimenter)  upon  the  subject's 
ability  to  recall  the  proper  syllables  in  the  test-procedure  of  the 
method  of  right  associates.  To  this  question  the  effect  of  right 
and  wrong  exposure  upon  the  reaction  time  in  subsidiary.  (II) 
Did  the  subjects  actually  remember  the  places  in  which  the  syl- 
lables exposed  in  the  test-procedure  had  stood  during  the  reading 
of  the  series?  If  so,  were  the  subjects  more  likely  to  remember 
the  place  in  which  the  syllable  presented  had  stood  or  to  recall 
the  syllable  which  had  been  paired  with  it  during  the  learning 
process?  (HI)  Was  right  localization  of  the  syllables  pre- 
sented a  concomitant  of  right  association?  Was  wrong  locali- 
zation a  concomitant  of  wrong  association?  And  was  failure 
to  localize  a  concomitant  of  failure  to  recall  any  associate? 
(IV)  Was  right  localization  a  concomitant  of  the  feeling  that 
the  syllable  was  familiar  and  ought  to  evoke  the  right  associate? 
These  last  three  questions  are  concerned,  not  with  the  experi- 
menter's exposure  of  the  syllables,  but  with  the  subject's  locali- 
zation of  them.  This  was,  of  course,  quite  beyond  the  control  of 
the  experimenter,  for  although  she  could  at  will  put  the  syllable 
presented  into  a  right  or  into  a  wrong  place  on  the  exposure- 
tablet,  she  could  in  no  wise  insure  the  subject's. remembrance  of 
the  original  spatial  setting  of  the  syllable. 

I.  Were  the  syllables  which  were,  in  the  test-procedure,  ex- 
posed in  the  places  in  which  they  stood  when  the  series  was 
memorised  more  likely  to  call  up  the  proper  associates  than  syl- 
tables  exposed  in  places  in  which  they  had  not  stood?  In  other 
words,  did  wrong  exposure  condwe  toward  wrong  or  failing 
association? 

Table  I  shows  the  connection  between  right  and  wrong  ex- 
posure and  right,  wrong  and  missing  associates.    In  this  table. 
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the  columns  are  numbered  from  left  to  right  for  convenience  of 
reference.  In  Column  4,  the  letters  0  and  E  stand  for  the  words 
odd  and  even  and  mean  that  the  syllables  presented  in  the  test- 
procedure — the  "stimulus-syllables" — were,  for  a  given  subject, 
the  odd-number  or  even-number  syllables  of  the  series.  In  Col- 
umn 6,  the  letters  RS  and  FS  stand  for  the  words  right  settings 
and  false  settings  or  for  richtige  Stetten  and  falsche  Stellen,  and 
refer  to  the  right-place  or  wrong-place  exposure  of  the  stimulus- 
syllables.''  Throughout  the  table,  the  average  numbers  of  a 
have  been  roimded  out  to  the  nearest  multiple  of  ten.  On  this 
principle,  3104  would  be  called  3100  and  3106  would  be  called 
3 1  ID.  Numbers  ending  in  5  have  been  arbitrarily  rounded  out 
to  the  next  higher  multiple  of  ten. 

The  first  cross-line  of  the  table  may  be  translated  into  words 
as  follows:  The  subject  Miiller  read  over  series  of  eighteen 
nonsense  syllables  at  first  six  times  but  later  four  times.  The 
syllables  presented  in  the  test-procedure  were  odd-number 
syllables.  (Thus,  this  subject  was  required  to  name  the  even- 
number  or  succeeding  syllables.)  In  all  275  syllables  were 
shown  in  the  right  settings  or  places.  Of  these  275,  55  per 
cent  called  up  right  associates  in  an  average  time  of  3iio<r;  3 
per  cent  called  up  partly  right  associates  in  an  average  time  of 
9250<r;  13  per  cent  called  up  wrong  associates  in  an  average  time 
of  i5,8oo<r;  and  28  per  cent  called  up  no  associates  at  all,  although 
the  subject  reflected  for  is,900c7 — i.e.,  for  nearly  16  seconds — 
on  the  average.® 

^RS  and  FS  should  perhaps  be  replaced  in  an  English  report  by  RP  and 
WP,  but  the  change  would  be  confusing  to  the  writers  who  have  used  the 
words  ricHge  Siellen  and  falsche  Siellen  from  the  beginning  of  the  work. 

'Two  points  of  detail  in  regard  to  Table  I  are  these:  (i)  The  numbers 
of  RS  (rightly  exposed)  syllables  and  of  FS  (wrongly  exposed)  syllables 
differ  slightly  in  the  case  of  every  subject  but  one,  because  some  syllable 
exposures  had  to  be  thrown  out  entirely  for  one  reason  or  another.  (2)  Not 
all  the  RS  and  FS  cases  covered  by  the  percentages  in  the  tables  actually 
have  corresponding  reaction  times,  but  the  difference  between  1^  total  num- 
ber of  reactions  counted  and  the  number  timed  is  negligible.  In  M/s  case, 
two  reaction  times  are  missing  (were  not  secured  or  had  to  be  thrown  out) 
under  the  right  associates  for  the  RS  syllables.  The  percentage  given,  55, 
represents  151  cases,  whereas  only  149  were  timed,  giving  the  average  of 
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The  numerical  results  represented  in  Table  I  fall  under  two 
headings:  (a)  percentages  and  (b)  average  reaction  times.  The 
two  classes  of  results  will  be  discussed  in  order. 

a.  The  percentages  of  right  associates,  zero  cases,  wrong  as- 
sociates, and  partly  right  associates  exhibit  the  following  facts: 

1.  For  all  the  subjects  except  P.  the  percentage  of  right  as- 
sociates (Col.  7)  is  at  least  slightly  greater  for  the  RS  (rightly 
exposed,  syllables  than  for  the  FS  (wrongly  exposed)  syllables. 
The  difference  is  greatest  in  the  case  of  M.  where  it  amounts  to 
9  per  cent. 

2.  For  all  the  subjfects  except  D.  the  percentage  of  zero  cases 
(Col.  13)  is  slightly  greater  for  the  FS  syllables  than  for  the  RS 
syllables. 

3.  For  some  subjects  the  percentage  of  wrong  associates  (CoL 
1 1 )  is  greater  for  the  FS  syllables  and  for  other  subjects  it  is 
greater  for  the  RS  syllables.  Only  in  the  case  of  D.  is  the  dif- 
ference considerable.  A  moment  ago  it  was  noted  that  this  sub- 
ject alone  had  a  larger  percentage  of  zero  cases  for  the  RS  than 
for  the  FS  syllables.  Her  percentages  of  wrong  cases  show  a 
compensating  difference,  and,  if  we  add  together  her  percentages 
of  wrong  and  zero  cases  (see  Cols.  11  and  13),  we  sJhall  find  the 
sum  rather  greater  for  the  FS  than  for  the  RS  cases — ^53  per 
cent  as  against  50  per  cent.    . 

4.  In  no  case  are  the  percentages  of  partly  right  associates 
(Col.  9)  large  enough  to  merit  serious  consideration. 

5.  G.'s  percentages  of  right  associates  are  larger  than  they 
should  be  by  the  rules  of  the  method.  Her  number  of  repetitions 
should  certainly  have  been  reduced  to  two.  The  percentages, 
however,  are  not  too  large  to  allow  a  difference  between  the  RS 
syllables  and  the  FS  syllables  to  appear.    Incidentally,  it  may  be 

3iiO(r,  which  appears  in  col.  9.  Two  reaction  times  are  missing  ttnder  the 
wrong  associates  and  three  under  the  zero  cases.  That  is,  out  of  the  275  /^ 
syllables  counted  in  the  table,  seven  lack  proper  reaction  times.  These 
figures  are  typical,  and  since  the  differences  between  tiie  numbers  of  cases 
counted  in  tiie  percentage  columns  and  the  numbers  counted  in  the  time 
columns  are  so  very  small,  they  can  scarcely  be  allowed  to  encumber  a  table 
which  is  already  complicated  enough.  The  writers  have  in  their  own  hands 
fine-spun  numerical  data  upon  this  and  all  similar  points. 
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remarked  that  M.,  B.,  and  D.  differ  from  the  other  subjects  in 
having  comparatively  large  percentages  of  wrong  associates 
(Col.  ii).  W.,  who  has  many  zero  cases,  has  very  few  wrong 
associates ;  G.  has  few  of  either;  and  H.  and  P.  are  intermediates 
between  G.  and  W. 

b.  In  interpreting  association-reaction  times  the  following 
facts  should  be  kept  in  mind:  (i)  A  large  percentage  of  right 
associates  given  in  a  short  average  reaction  time  means  that  the 
associations  were  strong  and  unimpeded.  (2)  A  large  percent- 
age of  right  cases  or  a  small  percentage  of  zero  cases  coupled 
with  a  long  average  reaction  time  denotes  a  pertinacity  on  the 
part  of  the  subject  which  has  given  many  weak  associations  suf- 
ficient time  to  function.  The  high  percentage  of  right  associates 
may  be  interpreted  as  meaning  a  strong  set  of  associations  pro- 
vided that  a  considerable  number  of  the  times  which  enter  into 
the  average  are  very  short.  (3)  A  small  percentage  of  right 
associates  or  a  large  percentage  of  zero  cases  combined  with  a 
long  reaction  time  means  that  the  associations  were  either  weak 
or  impeded.  (4)  A  small  percentage  of  right  associates  or  a 
large  percentage  of  zero  cases  with  a  short  reaction  time  means 
that  only  the  strongest  of  the  associations  have  had  a  chance  to 
function,  or,  in  other  words,  that  the  subject,  frightened,  self- 
conscious,  indifferent,  of  hasty  mental  habit  or  what  not,  has 
taken  little  time  to  reflect,  (s)  A  small  percentage  of  zero  cases 
with  a  short  reaction  time  suggests  that  out  of  the  set  of  as- 
sociations tested  a  large  ntunber  have  been  strong  enough  to 
function  quickly  but  that  the  weaker  have  missed  their  chance  to 
function  because  the  subject,  if  he  could  not  recall  the  right 
syllable  on  the  instant,  at  once  gave  up  the  attempt  It  need 
scarcely  be  said  that  the  wrong-association  times  are  to  be  in- 
terpreted in  much  the  same  way  as  the  zero-case  times. 

The  reaction  times  of  Table  I  can  best  be  discussed  subject 
by  subject. 

M.  With  the  distinctly  smaller  percentage  of  right  associates 
for  the  FS  syllables,  M.  unites  the  slightly  longer  association 
time.  This  indicates  that  wrong  exposure  in  the  case  of  M.  had 
a  genuinely  disturbing  effect  upon  the  associations  with  the  FS 
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syllables.  This  inference  is  confirmed  by  the  fact  (not  shown 
in  Table  I)  that  M.  had  44  very  short  right-association  times  in 
the  case  of  the  RS  syllables  as  against  31  for  the  FS  syllables. 
As  "very  short"  reaction  times  are  here  reckoned  those  less  than 
1500  <r.  Returning  to  the  table  we  see  that  with  the  somewhat 
larger  percentage  of  zero  cases  for  the  FS  syllables  he  combines 
a  much  shorter  reaction  time — the  difference  amounting^  almost 
to  two  seconds.  This  clearly  indicates  that  in  the  case  of  the 
FS  syllables  he  more  readily  abandoned  the  attempt  to  recall 
associates.  Again  in  the  case  of  the  wrong  associates  the  per- 
centage is  greater  and  the  time  shorter  for  the  FS  syllables.  This 
means  that  the  subject,  in  the  case  of  wrong  exposure,  was  more 
hasty  in  naming  incorrect  syllables.  Thus,  in  the  case  of  M.,  the 
figures  speak  unequivocally  for  a  disturbance  of  associations  by 
wrong  exposure.  With  no  other  subject,  however,  is  the  dis- 
turbance so  marked. 

G.  This  subject's  times  for  the  FS  and  RS  syllables  diflFer  very 
little  except  in  the  case  of  the  wrong  associates  (and  partly  right 
associates)  and  the  percentages  of  wrong  associates  are  so  small 
that  the  difference  in  the  average  association  times  may  be  purely 
accidental.  With  the  slightly  larger  percentage  of  right  asso- 
ciates for  the  RS  syllables  G.  combines  the  slightly  longer  as- 
sociation time  but  into  this  average  time  enter  fifteen  times  ex- 
ceeding 20,000  <r,  whereas  only  six  such  times  enter  into  the 
average  for  the  FS  cases.  (M.  has  only  one  of  these  "very  long*' 
right-association  times  and  G.  has  only  two  "very  short"  ones.) 
On  the  other  hand,  with  the  slightly  larger  percentage  of  zero 
cases  for  the  FS  syllables  she  also  combines  the  slightly  longer 
reaction  time.  On  the  basis  of  these  figures,  therefore,  it  would 
be  impossible  to  say  that  G.  meditated  longer  oyer  the  reactions 
to  either  set  of  syllables. 

W.  Virtually  the  same  statements  as  have  just  been  made  for 
G.'s  average  times  are  true  for  W.'s,  excepting  that  W.'s  times 
differ  little  even  for  the  wrong  associates.  It  should  be  noted 
that  W.'s  average  times  are  all  very  short,  shorter,  on  the  whole, 
than  those  of  any  other  subject.  It  should  also  be  noted  that 
W.  has  a  larger  percentage  of  zero  cases  than  any  other  subject 


Digitized  by 


Google 


WELLESLEY  COLLEGE  STUDIES  IN  PSYCHOLOGY  67 

and  a  smaller  percentage  of  right  associates  than  any  except  B. 
These  facts  show  that  in  the  case  of  W.  only  the  strongest  as- 
sociations had  time  to  function.  The  introspective  data  must 
show  whether  the  subject  was  frightened  or  whether  she  belongs 
to  the  class  of  persons  who  habitually  remember  quickly  if  at  all, 
and,  therefore,  never  spend  much  time  in  the  effort  to  recall  any- 
thing which  is  forgotten. 

B.  B.  like  W.  has  small  percentages  of  right  associates  with 
short  average  times.  B.,  however,  has  a  larger  percentage  of 
wrong  associates  than  any  other  subject  and  although  her  per- 
centages of  zero  cases  are  not  strikingly  large,  yet  her  percentages 
of  wrong  associates  and  zero  cases  taken  together  exceed  those 
of  any  other.  B.'s  times  are,  like  those  of  W.,  notably  short  for 
both  the  wrong  associates  and  zero  cases.  The  average  times, 
like  the  percentages,  differ  little  for  the  RS  and  FS  syllables 
except  for  the  numerous  wrong  associates.  Here  the  difference 
amounts  to  more  than  a  second.  These  FS  cases  have  the  longer 
association  time  and  the  smaller  percentage  of  wrong  associates. 
It  would  seem,  therefore,  that  B.  was  less  hasty  in  her  reactions 
in  the  case  of  the  FS  syllables.  This  conclusion  is  not  borne  out 
by  the  figures  for  the  right  associates  and  the  zero  cases  but  here 
the  differences  in  the  times  may  be  accidental.  B.  is  obviously 
the  sort  of  subject  who  hastily  names  the  first  syllable  which 
comes  to  mind,  whereas  W.  is  the  sort  who  hastily  answers 
"Don't  know."  Curiously  enough,  neither  B.  nor  W.  has  many 
"very  short"  right-association  times  (times  below  1500  o-)  ;  B.  has 
none  at  all  and  W.  has  only  four,  three  for  the  RS  and  one  for 
the  FS  syllables. 

D.  This  subject  resembles  M.  as  regards  right  and  wrong  as- 
sociates although  the  disturbance  created  by  wrong  exposure  is 
less  marked.  It  is  worthy  of  note  that  D.  had  ten  "very  short" 
right-association  times  for  the  RS  syllables  and  only  two  for  the 
FS.  In  her  zero  cases,  however,  she  combines  for  the  RS  syl- 
lables the  larger  percentage  with  the  slightly  shorter  reaction 
times.    The  time-difference  may  well  be  accidental. 

H.  This  subject  resembles  M.  as  regards  right  associates  and 
zero  cases.    The  disturbance  created  by  wrong  exposure,  though 
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less  marked  in  the  percentages  and  zero-case  times  is  more 
mariced  in  the  right-association  times.  Here  the  FS  time  as 
compared  with  the  RS  time  is  not  only  much  longer  but  mucb 
more  variable.  The  FS  average  represents  eight  "very  long" 
times  (over  20,ooocr)  and  seven  very  short  times,  whereas  the  RS 
average  represents  only  one  of  the  former  and  three  of  the  latter. 
In  the  case  of  the  wrong  associates  H.  c(»nbines  the  much  longer 
reaction  time  with  the  smaller  percentage  for  the  FS  syllaHes. 
The  percentages  of  wrong  associates  are,  however,  relatively 
small  as  compared  with  those  of  M.,  B.  and  D. 

P.  This  subject  shows  larger  differences  in  her  reaction  times 
for  the  RS  and  FS  syllables  than  does  any  other  subject  In 
every  class  of  reactions  (except  in  that  of  partly  right  associates 
which  need  not  be  considered  seriously)  the  reaction  times  are 
greater  for  the  FS  syllables.  Wrong  exposure,  then,  evidently 
spurred  P.  to  a  greater  eifort  at  recall.  In  the  case  of  the  right 
associates  the  longer  time  is  combined  with  the  larger  percentage 
and  in  the  case  of  the  wrong  associates  the  longer  time  is  com- 
bined with  the  smaller  percentage.  The  average  FS  time  for  the 
right  associates  covers  seven  very  long  times,  whereas  the  aver- 
age RS  time  covers  only  four  of  these  extra  long  times.  The 
number  of  very  short  times  represented  by  the  former  average  is 
four;  that  covered  by  the  latter  is  five.  It  is  probable,  then, 
that  P.  obtained  the  larger  percentage  of  right  associates  in  the 
case  of  the  FS  syllables  because  she  took  the  longer  time  to 
reflect.  In  the  zero  cases,  however,  the  longer  time  combines 
for  the  FS  syllables  with  the  slightly  larger  percentage. 

We  may  conclude,  therefore,  from  the  data  in  regard  to  per- 
centages and  reaction  times  taken  together  that  the  seven  subjects 
belong  to  three  different  classes  as  regards  the  effect  of  wrong 
exposure,  (i)  Neither  G.  nor  W.  give  clear  evidence  of  as- 
sociation-disturbance although  one  of  these  subjects  has  a  very 
high  percentage  and  the  other  a  very  low  percentage  of  rig^t 
associates  both  for  the  RS  and  for  the  FS  syllables.  (2)  M. 
shows  clearly  a  disturbance  of  associations  as  a  result  of  wrong 
exposure,  and  D.  and  H.  show  the  same  disturbance  somewhat 
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less  clearly.  (3)  P.  shows  that  wrong  exposure,  whether  recog- 
nized as  such  or  not,  acted  as  a  spur  to  effort  in  recall  so  that  any 
disturbance  produced  by  it  was,  on  the  whole,  more  than  over- 
come. The  carelessly  reacting  subject  B.  may,  though  with  some 
tincertainty,  be  classed  with  P. 

These  conclusions  receive  a  certain  confirmation  from  the  fol- 
lowing figures  which  represent  separately  the  results  for  the  FS 
syllables  which  were  shown  in  the  "right  row,"  i.e.,  in  the  row 
in  which  they  had  stood  when  the  series  was  learned,  and  for 
those  exposed  in  a  "wrong"  or  different  row. 

Subject  Wrongly  Exposed  Syllables 


Xi^ki  Assteimitt  with  Exp^tnrt  in 

Zero  Cases  wit  A  Exposure  in 

ReghiR^ 

IVrcngRaw 

Reiki  Row 

Wrong  Row 

M. 

44% 

46% 

31% 

34% 

G. 

73 

68 

21 

23 

W. 

36 

37 

46 

52 

B. 

27 

31 

39 

32 

D. 

43 

41 

29 

30 

H. 

50 

49 

37 

40 

P. 

54 

68 

35 

24 

This  scheme  shows  the  following  facts:  (i)  All  the  subjects, 
except  B.  and  P.,  have  a  larger  percentage  of  zero  cases  for  the 
wrong-row  exposures.  (2)  Only  G.,  D.,  and  H.  have  a  smaller 
percentage  of  right  associates  for  the  wrong-row  exposures  and 
even  in  their  case  the  difference  is  small.  It  would  seem,  then, 
that  wrong-row  exposure  increases  the  zero  cases  at  the  expense 
of  the  wrong  rather  than  the  right  cases,  or  in  other  words,  that 
if  the  syllable  is  exposed  near  the  place  in  which  it  originally 
stood,  the  subject  is  more  likely  to  name  some  reaction-syllable, 
right  or  wrong,  than  if  the  displacement  is  wide.  (3)  Even  W. 
and  more  particularly  G.  show  in  these  figures  that  they  were  by 
no  means  quite  immune  to  disturbance  by  wrong  exposure.  (4) 
P.  and  B.,  the  two  subjects  who,  as  we  have  just  inferred,  were 
helped  rather  than  hindered  by  wrong  exposure,  show  a  larger 
percentage  of  right  associates  and  a  smaller  percentage  of  zero 
cases  with  wrong-row  exposure.  In  the  case  of  P.  the  difference 
is  striking. 

We  may  now  siun  up  as  follows  the  evidence  in  regard  to  the 
correlation  of  right  and  wrong  exposure  with  right,  wrong  or 
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failing  association:  In  the  case  of  some  subjects,  but  not  of 
all,  wrong  exposure  did  actually  conduce  toward  wrong  recall  or 
toward  failure  to  recall  any  paired  syllable.  The  disturbance, 
however,  was  certainly  not  enormous  even  in  the  case  of  those 
subjects  who  were  most  affected  by  it.  In  the  case  of  two  out  of 
six  subjects,  wrong  exposure  actually  increased  the  final  success 
in  recall. 

11.  Did  the  subjects  in  general  remember  the  places  in  which 
the  syllables  presented  had  originally  stood  upon  the  exposure- 
tablet?  If  so,  were  instances  of  right  localisaHon  more  common 
than  instances  of  right  association  or  vice  versa? 

The  answer  to  this  question  is  clear  and  positive.  The  nu- 
merical data  are  given  in  the  following  scheme : 

Smii/tH  N0.SftUkU*     PtrCent       Ptr  Cgmi     N0,  SjrUmUes     Pirr  Cent        Ptr  Omt 

inXS.  Ritktlj  Right  in  PS,  RigkUr  XigU 

L^emiifd    Ast^eiaUt  L^emlistd       AsM^eimUi 


M. 

275 

67 

55 

277 

44 

46 

G. 

424 

9^ 

73 

^ 

21 

70 

W. 

^4 

94 

39 

258 

86 

37 

B. 

167 

72 

30 

170 

Z 

39 

D. 

163 

88 

45 

162 

43 

H. 

148 

97 

51 

149 

78 

50 

P. 

177 

84 

59 

176 

81 

61 

From  these  figures  we  may  draw  the  following  conclusions : 

a.  When  the  syllable  presented  was  exposed  in  the  right  place, 
this  fact  was  realized  by  all  the  subjects  in  the  great  majority 
of  cases.  M.  localized  rightly  only  about  two-thirds  of  the  RS 
syllables.  His  is  the  lowest  percentage  obtained  by  any  subject 
G.  and  W.  rightly  localized  more  than  nine-tenths  of  these; 
syllables. 

b.  For  the  FS  syllables  the  percentage  of  right  localizations  is 
much  smaller  than  for  the  RS  syllables  except  in  the  cases  of 
G.  and  P.,  in  which  it  is  only  slightly  smaller.  The  difference  is 
most  marked  in  the  cases  of  M.  and  B. 

c.  For  the  RS  syllables  the  percentage  of  right  associates  is 
smaller  in  the  case  of  every  subject  than  the  percentage  of  right 
localizations.  The  difference  is  most  marked  in  the  cases  of 
W.  and  B.  and  least  marked  in  the  cases  of  M.  and  G. 
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d.  For  the  FS  syllables  also,  the  percentage  of  right  associates 
is  smaller  than  the  percentage  rightly  localized  except  in  the 
case  of  M.,  with  Whom  the  percentages  of  right  associates  and 
of  right  localizations  are  almost  the  same.  The  difference  is 
again  least  marked  in  the  case  of  G.  and  most  marked  in  the  case 
of  W. 

e.  Since  the  percentages  of  right  localizations  are  much  larger 
for  the  RS  syllables  than  for  the  FS  syllables,  whereas  the  per- 
centages of  right  associates  differ  little,  there  is  much  greater 
difference  between  the  percentages  of  right  localizations  and 
right  associates  in  the  case  of  the  RS  syllables. 

We  may  summarize  these  conclusions  in  the  following  state- 
ment: The  subjects  were  in  general  much  more  likely  to  realize' 
that  an  FS  syllable  was  exposed  in  the  wrong  place  than  they 
were  to  recall  the  syllable  paired  with  it  and  they  were  very  much 
more  likely  to  realize  than  an  RS  syllable  was  shown  in  the  right 
place  than  they  were  to  recall  the  other  member  of  the  pair. 

In  regard  to  individual  subjects,  it  is  important  to  note  these 
two  points :  First,  G.  and  W.,  who  in  the  data  given  in  Table  I 
show  least  disturbance  as  a  result  of  wrong-place  exposure  are 
the  subjects  who  actually  localized  the  largest  percentages  of 
syllables.  From  this  we  may  infer  that  these  two  subjects  re- 
membered the  place  of  the  syllable  exposed  so  clearly  that  wrong- 
place  exposure  had  no  confusing  effect.  The  prowess  of  G.  and 
W.  in  localization  must  not  be  attributed  entirely  to  superiority 
in  visualization.  G.  and  W.  were  the  two  subjects  who,  in  the 
test-procedure,  were  required  to  give  the  syllable  preceding  (not 
the  syllable  following)  the  one  exposed.  This  harder  task  was 
imposed  upon  these  two  subjects  expressly  for  the  purpose  of 
fostering  attention  to  the  spatial  position  of  the  syllables.  Sec- 
ond, M.,  who  in  the  data  of  Table  I  shows  the  most  unmistakable 
evidence  of  disturbance  by  wrong-place  exposure,  is  the  subject 
who  localized  the  smallest  percentage  of  RS  syllables  and  almost 
the  smallest  percentage  of  FS  syllables  and  is  the  only  subject 
who  actually  obtained  a  larger  percentage  of  right  associates  than 
of  right  localizations  for  either  the  RS  or  FS  syllables.    From 
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this  we  may  infer  that  M.'s  place  associations  were  relatively 
weak,  and  that,  in  the  case  of  the  FS  syllables,  they  were  often 
blocked  by  the  wrong-place  exposure.  From  this  comparison  of 
G.  and  W.  and  M.,  it  would  appear  that  disturbance  hy  wrong- 
place  exposure  was  a  mark  of  weak  rather  than  of  strong  place 
associations. 

III.  Was  right  localization  actually  in  the  case  of  individvd 
syllables  a  concomita$it  of  right  association,  wrong  localization  oj 
wrong  association  and  failure  to  localize  of  failure  of  associationf 

This  question  must  be  answered  (a)  by  comparing  the  cases 
of  right  localization,  wrong  localization  and  no  localization  as 
regards  right  associates,  wrong  associates  and  zero  cases  and  (() 
by  comparing  the  cases  of  right  and  wrong  association  and  the 
zero  cases  as  regards  right  localization,  wrong  localization  and 
failure  to  localize. 

a.  The  data  for  comparing  the  cases  of  right  localization,  of 
wrong  localization,  and  of  no  localization  as  r^^ards  right  as- 
sociates, wrong  associates  and  zero  cases  are  given  in  Table  U 
In  this  table  the  words  Indefinite  Localization  at  the  heads  of  the 
5th  and  i  ith  columns  mean  that,  in  the  numbers  of  cases  bdow, 
the  subjects  asserted,  rightly  or  wrongly,  that  the  syllable  pre- 
sented was  shown  in  the  wrong  place  but  could  give  no  mor^ 
definite  localization.  The  cases  which  are  headed  Right  Localisar 
tion  and  Wrong  Localization  are  all  cases  in  which  the  subject 
asserted  that  the  syllable  had  stood  in  some  particular  place,  per- 
haps the  third  or  the  seventh.  The  figures  in  this  table  arc  to 
be  read  vertically.  The  third  coltunn  may  be  translated  into 
words  as  follows:  The  subject  M.  rightly  localized  316  syllables 
(out  of  552  RS  syllables  and  FS  syllables  taken  together).  Of 
these,  78  per  cent  called  up  right  associates,  7  per  cent  wrong  as- 
sociates, and  9  per  cent  no  associates  at  all.  The  remaining  6 
per  cent  (not  included  in  the  table)  called  up  partly  right 
associates.^  The  subject  G.  localized  correctly  782  syllables.  Of 
these,  75  per  cent  were  followed  by  right  associates,  4  per  cent 

'Any  apparent  discrepancies  between  the  figures  of  Tables  I  and  II  are 
due  to  die  rounding  of  the  percentages  into  whole  numbers. 
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by  wrong  associates  and  i8  per  cent  by  no  associates  at  alL    And 
so  on.    This  table  shows  the  following  facts: 

1.  Right  associates,  (a)  Of  the  RL  (rightly  localized)  syl- 
lables more  than  50  per  cent  called  up  right  associates  in  the  cases 
of  every  subject  except  W.  and  B.  (b)  Of  the  FL  (wrongly 
localized)  syllables  not  more  than  31  per  cent  called  up  right 
associates  in  the  case  of  any  subject,  (c)  Of  the  indefinitely 
localized  syllables  not  more  than  21  per  cent  called  up  right 
associates  in  the  case  of  any  subject,  (rf)  Of  the  NL  (not 
localized)  syllables  not  more  than  10  per  cent  called  up  right 
associates  in  the  case  of  any  subject 

2.  Wrong  Associates,  (a)  Of  the  RL  syllables  not  more 
than  17  per  cent  called  up  wrong  associates  except  in  the  case 
of  B.,  who  was  peculiarly  prone  to  name  wrong  syllables.  (6) 
Of  the  FL  syllables  at  least  40  per  cent  called  up  wrong  as- 
sociates in  the  cases  of  M.,  D.,  and  P.  G.,  W.,  and  H.  localized 
wrongly  only  a  very  few  syllables  and  of  these  the  percentage; 
which  called  up  wrong  associates  was  also  small.  With  B.  the 
naming  of  wrong  associates  seems  not  to  have  hinged  upon 
wrong  localization.  P.,  who  localized  quite  as  well  as  H.,  seems 
to  have  been  led  astray  by  wrong  localization  when  it  did  occur, 
(c)  Of  the  syllables  indefinitely  localized,  none  called  up  wrong 
associates  except  in  the  cases  of  M.  and  B.,  in  which  the  per- 
centages are  24  per  cent  and  40  per  cent,  respectively,  (d)  Of 
the  NL  syllables  not  more  than  17  per  cent  called  up  wrong  as- 
sociates in  the  case  of  any  subject  except  B.,  the  hit-or-miss 
namer  of  syllables. 

3.  Zero  Cases,  (a)  Of  the  RL  syllables  not  more  than  28 
per  cent  were  followed  by  negative  reactions  except  in  the  case 
of  W.,  who  was  as  prone  to  say  "Don't  know"  as  B.  was  to  name 
wrong  syllables,  {b)  Of  the  FL  syllables  at  least  46  per  cent 
were  followed  by  negative  reactions  except  in  the  cases  of  M., 
B.,  and  D.,  who,  as  already  noted,  were  much  more  prone  to 
wrong  reactions  than  the  other  four  subjects,  (c)  Of  the  syl- 
lables indefinitely  localized,  at  least  half  were  followed  by  na- 
tive reactions  except  in  the  case  of  B.  (G.  and  W.  never  localized 
syllables  indefinitely),     (d)  Of  the  NL  syllables  at  least  78  per 
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cent  were  followed  by  negative  reactions  except  in  the  case  of  B. 
who  has  6i  per  cent    With  P,  and  W.  the  percentage  is  lOO. 

These  conclusions  may  be  summarized  by  saying,  first,  that 
there  is  a  correlation  between  right  association  and  right  locali- 
zation and  between  failure  of  association  and  failure  to  localize 
but,  second,  that  the  FL  syllables  and  the  syllables  indefinitely 
localized  were  likely  to  call  up  wrong  associates  or  no  associates 
according  to  the  tendency  of  the  individual  subject  to  name 
wrong  syllables  or  to  say  **Don't  know." 

b.  We  shall  attempt  to  compare  without  the  use  of  a  table  the 
cases  of  right,  wrong,  and  no  association  as  regards  right,  wrong, 
indefinite  and  failing  localizations.  The  zero  cases  included  in 
the  discussion  are  only  those  in  which  the  syllable  presented  was 
declared  by  the  subject  to  be  familiar.  Unfamiliar  syllables,  of 
course,  could  not  be  localized.  The  results  of  B.  are  excluded 
because  this  subject  seemed  unable  to  pronounce  upon  the  famil- 
iarity of  the  syllables,  so  that  her  zero  cases  are  not  comparable, 
as  regards  localization,  with  those  of  the  other  subjects. 

1.  RS  Syllables,  Right  Localization  (RL).  (a)  RS  syl- 
lables followed  by  right  associates  were  almost  invariably  local- 
ized by  every  subject  The  lowest  percentage  obtained  is  M.'s 
95  per  cent.  We  have  already  remarked  that  M.'s  place  associa- 
tions were  relatively  weak.  (&)  Of  the  RS  syllables  which  had 
wrong  associates  at  least  71  per  cent  were  rightiy  localized  ex- 
cept by  M.,  whose  percentage  is  49.  (c)  Of  familiar  RS  syl- 
lables which  called  up  no  associates  at  least  63  per  cent  were 
rightiy  localized  by  all  the  subjects  and  at  least  83  per  cent  by  all 
the  subjects  except  M. 

2.  RS  Syllables,  Wrong  Localization  (FL) — definite  and  in- 
definite. (By  indefinite  wrong  localization  is  here  meant  that 
the  subject  asserted  that  the  RS  syllable  was  shown  in  the  wrong 
place  but  could  not  assign  to  it  a  particular  place.)  (a)  RS  syl- 
lables followed  by  right  associates  were  almost  never  wrongly 
localized.  The  percentages  for  M.  and  D.  are  i  per  cent;  for 
G.,  0.3  per  cent;  and  for  the  other  subjects  o  per  cent    (&)  RS 
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syllables  followed  by  wrong  associates  were  wrongly  localized  in 
a  considerable  percentage  of  cases  although  even  here  the  per- 
centage of  FL  syllables  is  never  large  as  compared  with  the  per- 
centage of  RL  syllables.  G.'s  percentage  is  only  7.  The  per- 
centages of  the  other  subjects  range  from  M/s  16  per  cent  to 
P.'s  29  per  cent  The  fact  that  P.  has  the  highest  percentage 
should  be  noted,  as  we  have  already  seen  that  P.,  who  has  rela- 
tively few  wrong  localizations,  was  led  astray  by  them  when  they 
occurred,  (c)  Familiar  RS  syllables  followed  by  no  associates 
were  not  often  wrongly  localized.  The  highest  percentage  of 
FL  cases  obtained  by  any  subject  is  17. 

3.  RS  Syllables,  No  Localisations  (NL).  (a)  RS  syUables 
followed  by  right  associates  were  practically  always  localized,  at 
least  indefinitely.  M.  has  3  per  cent  and  G.  i  per  cent  of  cases 
in  which  not  even  the  indefinite  localization  of  *Yight  place"  or 
"wrong  place"  was  given.  No  other  subject  has  any  such  cases. 
(b)  RS  syllables  followed  by  wrong  associates  were  always  local- 
ized except  by  M.  and  H.,  who  have  30  per  cent  and  7  per  cent  of 
NL  cases,  respectively,  (c)  Familiar  RS  syllables  followed  by 
no  associates  were  usually  localized  though  M.  has  31  per  cent  of 
NL  cases.      No  other  subject  has  more  than  6  per  cent 

These  statements  in  regard  to  the  RS  syllables  may  be  sum- 
marized as  follows :  RS  syllables  were  in  general  known  to  be 
exposed  in  the  right  places.  Even  when  the  RS  syllables  were 
followed  by  wrong  associates  or  by  no  associates,  they  were  still 
in  general  known  to  be  RS  syllables  by  all  the  subjects  except 
M.,  whose  place  associations  have  been  proved  weak  by  other 
data.  Nevertheless,  the  percentages  of  right  localizations  art 
considerably  higher  for  the  cases  of  right  associates  than  for 
those  of  wrong  associates  or  no  associates. 

4.  FS  Syllables,  RL.  (a)  FS  syllables  followed  by  right  as- 
sociates were  localized  in  a  large  majority  of  cases.  M.'s  per- 
centage is  only  80  and  D.'s  only  88.  The  percentage  of  no  other 
subject  falls  below  97.  The  RL  percenUges  for  the  FS  syllables 
are  naturally  somewhat  lower  than  the  RL  peicentages  for  the 
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RS  syllables,  for  the  right  localization  of  FS  syllables  was  natu- 
rally the  more  difficult  task.  In  order  to  localize  an  RS  syllable 
correctly,  the  subject  had  only  to  feel  that  the  syllable  was  shown 
in  a  familiar  place,  whereas,  in  order  to  localize  an  FS  syllable 
correctly,  he  had  not  only  to  feel  that  it  was  shown  in  lan  un- 
familiar place  but  also  to  name  some  one  other  particular  place 
out  of  five  or  eight  possible  places.  (&)  FS  syllables  followed 
by  wrong  associates  show  a  marked  fall  in  the  RL  cases  as  com- 
pared with  FS  syllables  followed  by  right  associates.  M.  has 
only  7  per  cent,  P.  has  30  per  cent,  D.  40  per  cent,  H.  64  per 
cent,  W.  78  per  cent,  and  G.  82  per  cent  The  disturbance  of 
M.'s  place  associations  by  wrong  exposure  nowhere  appears 
more  clearly  than  here,  (c)  Familiar  FS  syllables  followed  by 
no  associates  also  show  a  wide  diversity  in  the  RL  cases  for  the 
different  subjects.  The  percentages  are:  M.,  19  per  cent;  D.,. 
57  per  cent;  P.,  69  per  cent;  H.,  74  per  cent;  W.,  77  per  cent; 
and  G.,  81  per  cent.  It  is  clear  that  in  the  case  of  every  subject 
except  G.  and  W.  the  percentages  are  higher  than  the  percentages 
for  the  syllables  followed  by  wrong  associates.  Evidently  fail- 
ures to  localize  correctly  were  more  frequent  in  the  cases  of 
-wrong  associates  than  in  the  cases  of  no  associates. 

5.  FS  Syllables  with  Indefinite  Right  Localization.  "Indefi- 
nite right"  localization  of  FS  syllables  means  that  the  subject 
detected  the  wrong  exposure  without  being  able  to  assign  the 
syllable  to  a  definite  place,  (a)  FS  syllables  followed  by  right 
associates  were  seldom  thus  indefinitely  localized.  M.  has  10  per 
cent  of  these  indefinite  right  localizations  and  H.  2  per  cent. 
No  other  subject  has  any.  (6)  Of  the  FS  syllables  followed  by 
zvrong  associates  33  per  cent  were  given  indefinite  right  localiza- 
tion by  M.  None  were  thus  localized  by  the  other  subjects, 
(c)  Of  the  familiar  FS  syllables  followed  by  no  associates  31  per 
cent  were  given  indefinite  right  localization  by  M.,  7  per  cent  by 
D.,  6  by  P.  and  2  by  H.,  but  none  by  the  other  subjects.  The 
number  of  indefinite  right  localizations  made  by  M.  is  one  of  the 
clearest  evidences  of  the  weakness  of  his  place  associations. 

6.  FS  Syllables,  FL.  In  the  case  of  FS  syllables,  wrong 
localization  was  necessarily  definite  as  the  reader  will  see  with  a 
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moment's  reflection,  (a)  FS  syllables  followed  by  right  asso- 
ciates were  seldom  wrongly  localized.  M.  has  only  9  per  cent 
and  no  other  subject  has  more  than  8  per  cent  of  such  cases. 

(b)  For  the  FS  syllables  followed  by  wrong  associates  the  per- 
centages are  as  follows:  G.,  19  per  cent;  W.,  22  per  cent;  H., 
36  per  cent;  M.,  38  per  cent;  D.,  58  per  cent,  and  P.,  70  per  cent 

(c)  Of  the  familiar  FS  syllables  followed  by  no  associates  not 
nearly  so  many  were  wrongly  localized.  The  percentages  are 
these:  G.,  8  per  cent;  W.,  14  per  cent;  P.,  14  per  cent;  M.,  19 
per  cent;  H.,  21  per  cent;  and  D.,  28  per  cent.  A  comparison 
of  the  last  two  sets  of  percentages  again  shows  that  wrong 
localization  is  much  more  closely  bound  up  with  wrong  associa- 
tion than  with  failure  of  association. 

7.  FS  Syllables,  NL.  (a)  All  the  FS  syllables  foUowed  by 
right  associates  were  localized,  definitely  or  indefinitely,  by  all  die 
subjects  except  M.,  who  has  2  percent  of  entire  failures  to  local- 
ize, (b)  All  the  FS  syllables  followed  by  wrong  associates  were 
also  localized,  at  least  indefinitely,  by  all  the  subjects  except  M. 
and  D.,  who  have  23  per  cent  and  3  per  cent,  respectively,  of 
failures  to  localize,  (d)  A  certain  number  of  the  familiar  FS 
syllables  followed  by  no  associates  failed  of  localization  in  the 
case  of  every  subject.  The  percentages  are  as  follows :  H.,  2 
per  cent;  P.,  3  per  cent;  D.,  7  per  cent;  W.,  8  per  cent;  G.,  10 
per  cent;  and  M.,  31  per  cent.  A  comparison  of  these  last  two 
sets  of  percentages  shows  that  entire  failure  to  localize  is  more 
closely  bound  up  with  failure  of  association  than  with  wrong 
association. 

These  detailed  statements  in  regard  to  the  FS  syllables  may  be 
summarized  by  saying  that  a  fairly  clear  correlation  appears  be- 
tween right  localization  and  right  association,  wrong  localiza- 
tion and  wrong  association,  and  failure  to  localize  and  failure  of 
association. 

It  is  evident  from  the  figures  given  in  Table  II  and  from  the 
facts  stated  in  the  last  few  paragraphs  that  right  localization  and 
right  association,  wrong  localization  and  wrong  association, 
failure  to  localize  and  failure  of  association  were,  in  these  experi- 
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ments,  roughly  correlated  with  one  another.  Nevertheless,  as  we 
said  in  our  Introduction,  a  correlation  between  right  localization 
and  right  association  does  not  prove  that  place  associations  are 
highly  serviceable  as  links  in  the  recall  of  one  syllable  by  another. 
The  results  which  we  have  just  considered  show  that  the  subjects 
tended  to  remember  both  the  place  of  a  syllable  and  its  associate 
or  to  forget  both,  but  this  fact  may  mean  simply  that  the  syl- 
lable-sequence and  the  spatial  setting  were  learned  as  inseparable 
parts  of  one  content  and  not  that  the  place  association  reinforced 
the  syllable  association.^^  Only  the  introspective  testimony  of 
the  subjects  can  directly  prove  the  reinforcement  of  one  associa- 
tion by  the  other.  Before  entering  upon  the  introspective  data, 
however,  we  shall  present  one  more  set  of  numerical  data,  for 
these  have  an  indirect  bearing  upon  the  exact  relationship  of 
right  localization  and  right  association. 

IV.  Was  right  localisation  a  concomitant  of  the  feeling  that 
the  syllable  presented  was  familiar  and  ought  to  evoke  an 
associate? 

If  this  question  be  answered  in  the  affirmative,  one  can  easily 
see  that  right  localization  might  indirectly  contribute  to  right 
association  by  making  the  subject  more  strenuous  in  the  attempt 
to  recall  the  associated  syllable  even  in  cases  in  which  the  place 
association  did  not  actually  mediate  the  syllable  association. 
Only  in  cases  in  which  no  associate  could  be  given  (zero  cases) 
were  the  subjects  questioned  in  r^ard  to  the  familiarity  or  un- 
familiarity  of  the  syllable  presented.  Syllables  which  evoked 
definite  reactions  were,  of  course,  assumed  to  be  familiar. 

a.  The  data  in  regard  to  the  familiarity  and  unfamiliarity  of 
the  RS  syllables  which  were  followed  by  no  associates  and  in 
regard  to  the  localization  of  such  of  these  syllables  as  were  said 
or  assumed  to  be  familiar  are  presented  in  the  following  scheme : 

*If  there  be  any' relation  of  dependence  between  right  association  and 
right  localization,  th«n  the  former  must  depend  on  the  latter  much  more 
often  than  the  latter  upon  the  former,  «ince  right  localization  is  much  more 
common  than  right  association. 
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RS  Syllabus 


ubject 

Zero  Cases 

Syllabus  FamUiar        SyliabU. 

r  UnfamUar 

No. 

No. 

%RL    %FL    %NL 

No. 

M. 

78 

35 

63           3            31 

34 

G. 

84 

81 

85          6              6 

I 

W. 

131 

III 

92          5              3 

8 

H. 

53 

39 

90          8              3 

14 

P. 

51 

30 

93           7              0 

13 

The  results  of  D.  are  excluded  from  this  scheme  as  well  as 
those  of  B.  because  in  the  case  of  D.  the  experimenters  were 
remiss  in  asking  whether  or  not  the  syllable  was  familiar.  The 
column  FL  covers  cases  of  both  definite  and  indefinite  wrong 
localization.  In  the  cases  of  nine  RS  syllables  M.  was  unable  to 
pronounce  upon  the  familiarity.  No  such  uncertainties  occurred 
with  the  other  subjects.  In  a  few  cases,  however,  with  all  the 
subjects,  the  question  in  regard  to  familiarity  was  omitted.  Less 
frequently  the  question  in  regard  to  the  place  of  familiar  syllables 
was  omitted.  These  cases,  which  have  not  been  included  in  the 
scheme,  account  for  the  fact  that  the  figures  for  the  familiar 
and  unfamiliar  syllables  do  not  always  add  to  the  total  numbers 
of  zero  cases,  and  for  the  fact  that  the  percentages  tmder  the 
heading  Syllables  Familiar  do  not  always  add  to  100. 

The  scheme  shows  these  facts:  First,  familiar  RS  syllables 
were  rightly  localized  in  a  large  percentage  of  cases  by  all  the 
subjects  except  M.  Second,  M.  has  a  very  considerable  percent- 
age of  cases  in  which  familiar  RS  syllables  could  not  be  localized, 
and,  indeed,  all  the  other  subjects  except  P.  have  a  few  such 
cases.  Evidently,  then,  definite  localization  in  the  case  of  RS 
syllables  was  by  no  means  essential  to  their  familiarity. 

b.  The  facts  in  regard  to  the  familiarity  and  unfamiliarity  of 
the  FS  syllables  which  were  followed  by  no  associates  and  in 
regard  to  the  localization  of  the  syllables  which  were  said  to  be 
familiar  are  shown  in  this  second  scheme : 


FS  Syllabus 

uhject 

Zero  Cases 

Syllables  Familiar        SyllabU 

s  Unfamiliar 

No. 

No.    %  RL    %  FL    %NL 

No. 

M. 

92 

32            19         19            63 

33 

G. 

94 

88            81           8            10 

4 

W. 

X3I 

123            77         14              8 

5 

H. 

54 

34            74         21              6 

20 

P. 

52 

36            69         14              8 

16 
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The  column  NL  covers  cases  of  both  entire  failure  to  localize 
and  of  indefinite  localization.  In  the  cases  of.M.,  H.,  and  P., 
the  percentage  is  about  evenly  divided  between  the  two  classes  of 
cases.  G.  and  W.  have  no  indefinite  localizations.  The  cases 
covered  by  the  column  headed  FL  are  all  cases  of  definite  wrong 
localization. 

This  scheme  shows,  first,  that  the  large  majority  of  the  famil- 
iar FS  syllables  were  also  rightly  localized  by  all  the  subjects  ex- 
cept M.  and  that,  except  by  M.,  a  considerable  proportion  of  the 
residue  of  cases  were  definitely,  though  not  correctly,  localized. 
The  scheme  shows,  second,  that  in  M.'s  case,  a  very  large  number 
of  familiar  FS  syllables  aroused  no  place  association  and  that 
the  percentage  of  these  cases  is  by  no  means  negligible  in  the 
case  of  the  other  subjects,  particularly  of  G.  Here  again  locali- 
zation appears  by  no  means  essential  to  familiarity.*^ 

If  the  scheme  for  the  FS  syllables  is  compared  with  the  scheme 
for  the  RS  syllables,  it  is  clear  that  about  as  large  a  proportion 
of  the  FS  syllables  as  of  the  RS  syllables  were  familiar  to  every 
subject  except  H.  In  fact,  a  larger  percentage  of  the  FS  syllables 
were  familiar  to  W.  This  fact  seems  to  show  that  wrong  ex- 
posure did  not  in  itself  greatly  tend  toward  making  the  syllable 
unfamiliar. 

On  the  whole,  then,  we  may  conclude,  first,  that  right  localiza- 
tion did  not,  through  any  connection  with  the  feeling  of  famil- 
iarity, play  a  very  important  role  in  recall ;  and,  second,  that  dis- 
turbance of  syllable  associations  produced  by  wrong  exposure 
was  not  due  to  the  fact  that  the  wrong  exposure  made  the  syl- 
lables unfamiliar. 


^  From  the  fact  that  our  subjects  pronounced  familiar  many  syllables  which 
they  could  not  localize  and  for  which  they  could  name  no  syllable  associate, 
it  cannot  be  inferred  that  no  associated  images  entered  into  their  conscious- 
ness of  the  familiarity  of  the  syllable  presented.  A  conflict  of  several  ideas 
of  place  would  be  enough  to  prevent  a  cautious  subject  from  assigning  a 
definite  place  to  a  syllable  and  yet  the  very  presence  of  such  ideas  would 
prevent  the  consciousness  of  familiarity  from  being  imageless. 

In  using  the  word  feeling  for  the  familiarity-consciousness,  the  writers 
imply  the  opinion  that  this  consciousness  is  at  least  faintly  affective. 
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Introspective  Data 

In  this  section  we  shall  attempt  to  bring  into  connection  with 
the  numerical  data  the  introspective  testimony  of  the  subjects  in 
regard  to  the  character  of  the  imagery  in  which  the  syllables  were 
memorized  and  the  intentional  use  of  spatial  associations.  Only 
the  introspective  testimony  of  the  subjects  on  these  points  can 
show  definitely  whether  right  localization  was  a  factor  in  produc- 
ing right  association  or  was  simply  boimd  up  with  right  associa- 
tion as  an  integral  part  of  the  same  memory  content.  We  shall 
also  note  incidentally  the  testimony  of  the  subjects  to  the  use  of 
auxiliary  associations.  In  comparing  subject  with  subject,  the 
reader  must  remember  that  M.,  G.,  and  W.  learned  series  of 
eighteen  members  whereas  the  other  subjects  learned  series  of 
only  twelve  members,  that  G.  and  W.  were  required  to  give  the 
syllable  preceding  instead  of  the  syllable  succeeding  the  one  pre- 
sented, that  M.  and  G.  had  had  vastly  more  practice,  and  that 
W.  had  (during  the  experiments)  considerably  more  practice,  in 
memorizing  than  the  other  subjects.  M.  is,  for  obvious  reasons, 
the  most  important  subject  but  for  purposes  of  comparison  it 
seems  best  to  discuss  him  last.  The  other  subjects  will  now  be 
considered  one  by  one. 

G.  is  the  subject  who  has  by  far  the  highest  percentage  of  right 
associates  and  who  ranks  with  W.  in  having  a  much  higher  per- 
centage of  right  localizations  than  the  other  subjects.  Little  or 
no  disturbance  by  wrong  exposure  appears  in  the  results  of  G. 
although  with  G.,  as  with  other  subjects,  there  is  a  rough  corre- 
lation between  wrong  or  failing  localization  and  wrong  or  fail- 
ing association.  G.'s  place  associations  appear  to  have  been  too 
strong  to  be  dislodged  by  wrong  exposure.  ^^ 

G.  memorized  in  terms  both  of  visual  and  of  auditory-kinaes- 
thetic  images.  Her  visual  images  of  syllables  are  never  verbal- 
visual  images  of  the  usual  sort  but  are  blotches  of  color,  often 
variegated.     (This  subject  has  colored  hearing  in  a  marked  de- 

"•  G.'s  imagery  and  methods  of  memorizing  have  been  very  fully  described 
in  other  places.  See  Memorising  Various  Materials  by  the  Reconstruction 
Method,  Psych.  Review,  Whole  Number  43,  pp.  105  f.  and  pp.  184-185-  ^Z- 
also  pp.  122  f.  and  179  ^.  of  these  studies. 
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gree  but  all  her  visual  images  are  blurred  in  outline,  so  that  she 
almost  never  visualizes  a  word  or  even  a  complicated  letter  en- 
tire.) In  these  experiments  she  saw  each  blotch  of  color  in  a 
sort  of  dark  blurred  frame,  which  was  probably  a  reminiscence  of 
the  margin  of  black  metal  surrounding  the  syllable  when  exposed 
upon  the  tablet.  In  recalling  the  syllables,  the  visual  image  was 
the  first  to  appear  but  was  closely  followed  by  the  auditory- 
kinaesthetic  image  or  by  the  consciousness  of  actually  speaking 
the  word.  When  the  subject  was  not  sure  of  the  syllables,  she 
often  had  an  interplay  of  auditory  images  and  more  rarely  of 
color  images. 

The  subject  consciously  availed  herself  of  the  unusually  good 
opportunity  to  form  spatial  associations  but  at  first  the  arrange- 
ment of  the  syllables  in  three  rows  of  six  syllables  each  inter- 
fered in  a  very  confusing  fashion  with  her  long  established  habit 
of  grouping  the  syllables  in  fours  and  of  visualizing  the  groups 
(in  series  not  exceeding  thirty-six  members)  in  a  single  hori- 
zontal row.  This  difficulty  was  overcome  as  the  experiments 
proceeded.  The  subject  had  long  been  accustomed,  in  memoriz- 
ing series  of  syllables,  either  to  project  the  syllables  into  definite 
spatial  positions  in  the  field  of  mental  vision  or  to  project  them 
upon  portions  of  external  space  as,  for  example,  upon  different 
parts  ^f  a  table.  The  squares  of  the  exposure-tablet  furnished  a 
particularly  convenient  system  of  compartments  for  the  syllables, 
even  although  at  first  the  subject  felt  as  if  she  would  willingly 
dispense  with  the  exposure-tablet  in  favor  of  her  own  visualizing 
arrangements. 

In  impressing  the  syllables  upon  herself,  G.  looked  very  at- 
tentively at  the  squares  of  the  tablet  and  also  sometimes  made 
use  (in  internal  speech)  of  such  words  as  "seventeenth"  or  "next 
to  last."  If  she  thought  of  the  series  at  a  moment  when  she  was 
not  actually  looking  at  the  tablet  she  visualized  the  blotches  of 
color  as  emerging,  one  or  two  at  a  time,  in  a  pattern  correspond- 
ing to  the  squares  of  the  tablet.  It  is  evident,  therefore,  that  she 
intentionally  "worked"  her  place  associations  in  memorizing  the 
series.  In  the  test-procedure,  however,  when  she  was  actually 
looking  at  the  tablet,  she  rarely  projected  the  visual   (color) 
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image  of  a  syllable  upon  it  The  synaesthetic  image  of  the  re- 
action-syllable seemed  to  form  behind  her  eyes.  When  the 
stimulus-syllaUe  was  presented  in  the  wrong  [dace,  the  subject 
was  often  distinctly  conscious  of  having  glanced  at  its  proper 
place  before  the  syllable  paired  with  it  came  to  mind  but  often 
the  reaction-syllaUe  emerged  with  or  before  the  localization  of 
the  stimulus-syllable.  Apart  from  verbal  images  of  syllables, 
internal  speech  was  not  very  prominent  in  the  recall  process. 

This  subject  in  these  experiments  made  much,  though  by  no 
means  constant,  use  of  artificial  associations,  frequently  making 
the  syllables  into  words  and  then  linking  the  words  through  their 
meaning,  represented  in  sketchy  concrete-visual  terms.  Thus,  e.g., 
she  connected  "bus"  and  "shipe"  as  "omnibus"  and  "ship" — both 
traveling  conveyances.  These  auxiliary  associates  were  some^ 
times  recalled  more  readily  than  the  proper  syllable.  Thus,  e.g., 
the  subject  connected  "chude,  quish"  by  thinking  of  "quish"  as 
something  to  be  chewed  but,  when  "quish"  was  presented,  she 
could  only  remember  that  she  had  thought  of  it  as  something 
to  eat.  These  devices  seem  rarely  to  have  led  to  the  naming  of 
wrong  syllables  for,  in  the  case  of  this  subject,  the  number  of 
wrong  cases  was  exceedingly  small.  G.  was  probably  better  able 
to  make,  and  less  able  to  inhibit,  mnemonic  devices  than  any  of 
the  other  subjects,  since  she  had  had  long  practice  in  memorizing 
at  slower  rates  of  repetition  and  had  been  tempted  by  the  long 
intervals  to  fall  back  on  auxiliary  associations  whenever  the  series 
was  hard  to  memorize. 

W.  is  the  subject  who  had  the  large  number  of  zero  cases  and 
the  very  short  reaction  times  and  who  ranks  with  G.  in  her  large 
number  of  right  localizations.  W.  is  preeminentiy  a  visualizer 
but  certainly  has  at  the  date  of  writing,  and  probably  had  during 
the  experiments,  a  certain  amount  of  auditory-kinaesthetic 
imagery.  Her  visual-verbal  imagery  is  of  the  usual  type  and 
sharply  clear. 

In  memorizing,  W.  did  not  deliberately  impress  upon  herself 
the  spatial  positions  of  the  various  syllables  but  learned  position 
as  if  it  were  "part  and  parcel"  of  the  syllable  itself.  In  recalling 
a  syllable,  she  saw  it  "tacked  into  its  place  on  the  tablet"    In 
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trying  to  remember  a  syllable,  she  was  accustomed  to  run  over 
parts  of  the  series  in  mental  vision.  Thus  W.  differs  from  G.  in 
not  making  deliberate  use  of  place  associations  to  reinforce  syl- 
lable associations.  It  would  not  have  been  possible  for  W.  to 
learn  a  series  from  the  tablet  without  having  the. positions  of  the 
sequences  quite  as  firmly  impressed  as  the  sequences  themselves. 
Thus  with  W.  right  localization  seems  not  to  have  mediated  right 
association  and  yet  to  have  been  its  necessary  accompaniment. 
With  W.,  however,  more  than  with  any  other  subject,  wrong 
localization  led  directly  to  the  naming  of  a  particular  wrong 
syllable.  If,  for  example,  W.  wrongly  supposed  that  the  syllable 
presented  was  the  8th,  she  would  be  pretty  sure  to  name  the  7th 
syllable  as  its  associate.  This  tendency,  which  plainly  shows  the 
strength  of  W.'s  place  associations,  was  not  marked  with  any 
other  subject.  In  the  case  of  M.,  who,  except  perhaps  for  B., 
was  the  poorest  localizer  among  all  the  subjects,  mistakes  of  this 
class  constituted  less  than  ten  per  cent  of  the  total  mmiber  of 
wrong  reactions.  M.'s  wrong  syllables  were  usually  syllables 
which  had  some  resemblance  to  those  which  he  should  have 
named  or  else  were  syllables  which,  for  some  reason,  had  at- 
tracted his  special  attention.  With  G.,  who  like  W.  could  local- 
ize almost  every  syllable  shown,  wrong  syllables  were  nearly 
always  those  which  had  caught  her  attention,  either  by  their 
^*color"  or  by  their  liquid  consonants  or  by  their  meaning.  It  is 
greatly  to  be  regretted  that  it  is  impossible  to  give  exact  statistics 
for  any  subject  except  M.  on  this  important  point.  The  original 
records  for  the  other  subjects  perished  in  the  Wellesley  fire. 

W.  used  mnemonic  devices  to  some  slight  extent  and  these 
associations  were  of  the  same  type  as  G.'s. 

A  word  remains  to  be  said  in  regard  to  the  shortness  of  W.'s 
reaction  times,  to  which  her  small  percentage  of  right  associates 
was  undoubtedly  due  in  part.  (It  will  be  remembered,  however, 
that  W.'s  task  was  harder  than  that  of  any  other  imtrained  sub- 
ject.) After  the  experiments  were  completed  W.  explained  her 
hastiness  as  partly  due  to  ''fright"  and  partly  to  a  habit  of  quickly 
''giving  up"  anything  which  she  could  not  readily  recall.  She  is 
one  of  the  persons  who  exhibit  celerity  in  the  recall  of  any 
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material  which  still  remains  at  command  and  who  have  learned 
by  experience  that  images  which  do  not  come  promptly  often 
fail  to  come  even  after  strenuous  efforts  to  summon  them.  The 
subject  was  often  able,  however,  to  give  the  proper  reaction  after 
releasing  the  lip-key  and  was  thus  made  to  feel  that  she  had  not 
taken  time  enough  to  "think."  She  attributed  her  nervousness, 
in  part,  to  the  fear  that  she  would  not  release  the  lip-key  properly. 

B.  was  the  subject  who  had  the  smallest  percentage  of  rigbt 
and  the  largest  percentage  of  wrong  associates.  B.  also  had 
very  short  reaction  times  and  relatively  small  percentages  of  right 
localizations.  She  was  obviously  the  poorest  memorizer  of  all 
the  subjects  and  also  gave  less  satisfactory  introspection  than 
any  of  the  others. 

The  imagery  of  which  she  made  actual  use  was  mainly  "audi- 
tory." She  also  had  visual  images  of  the  syllables  but  these 
images  were  composed  of  vague  "jumbles"  of  letters.  She  had 
great  difficulty  in  pronouncing  the  syllables  so  that  the  mere 
reading  of  them  engrossed  her  attention  and  left  little  time  for 
the  formation  of  either  place  or  of  other  auxiliary  associations. 
Her  difficulty  in  pronouncing  the  syllables,  moreover,  made  even 
her  auditory  images  shifting  and  vague.  It  is  impossible  to  glean 
from  the  data  at  hand  in  regard  to  B.  whether  or  not  she  ever 
deliberately  made  use  of  place  associations. 

D.  is  one  of  the  subjects  whose  associations  seem  to  have 
been  somewhat  disturbed  by  wrong  exposure.  Her  percentage 
of  right  localizations  is  not  particularly  large.  Her  imagery  was 
"auditory."  The  only  visual  images  which  appear  to  have  figured 
in  it  were  images  of  the  first  elements  of  the  syllables.  She  (fid 
not  report  any  intentional  use  of  place  associations.  She  made 
free  use  of  mnemonic  devices,  giving  meaning  to  the  syllables  by 
virtue  of  their  similarity  to  English  or  to  French  words.  In 
attempting  to  recall  a  syllable  she  would  either  repeat  in  internal 
speech  the  one  presented  or  try  to  recall  the  mnemonic  device 
which  she  had  used  for  connecting  it  with  its  mate. 

H.,  again,  is  one  of  the  subjects  whose  associations  appear  to 
have  been  disturbed  by  wrong  exposure.  Her  percentage  of 
right  localizations  is  large,  though  not  as  large  as  those  of  VV. 
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and  G.  H.'s  imagery  was  almost,  if  not  quite,  exclusively  visual. 
She  herself  expressly  disclaimed  auditory  and  kinaesthetic 
imagery.  She  did  not,  however,  like  W.,  visualize  the  tablet 
when  thinking  of  the  series  or  of  the  place  of  a  particular  syl- 
lable but  seems,  like  G.,  simply  to  have  visualized  the  syllables 
arranged  in  rows  similar  to  those  upon  the  tablet.  Like  G.,  she 
made  conscious  use  of  place  associations  both  in  learning  the 
series  and  in  attempting  to  recall  syllables. 

H.  made  less  use  of  really  artificial  associations  than  did  any 
other  subject,  except  perhaps  M.,  but  paid  much  attention  to  the 
constituent  elements  of  the  syllables,  particularly  to  the  qualities 
of  the  vowels,  comparing  them  with  one  another  from  syllable 
to  syllable. 

P.  is  the  subject  who  was  able  to  recall  more  right  associates 
in  the  case  of  wrong  exposure  than  in  the  case  of  right  exposure. 
Her  percentage  of  right  localisations  is  large  but  no  larger  than 
that  of  H. 

P.  also  claimed  imagery  almost  exclusively  visual.  Like  W., 
she  visualized  the  tablet  distinctly  and,  when  localizing  the  syl- 
lables, projected  them  into  their  places  upon  it. 

Like  H.  and  G.,  she  made  deliberate  use  of  place  associations 
both  in  learning  and  in  recall.  Like  H.,  she  carefully  noted  and 
compared  the  constituent  elements  of  the  syllables,  especially  the 
qualities  of  the  vowels  but  she  also  made  free  use  of  artificial  as- 
sociations of  miscellaneous  sorts. 

The  subject  M.,  who  initiated  the  experiments,  is  the  only  sub- 
ject with  whom  disturbance  of  associations  by  wrong-place  ex- 
posure of  the  stimulus-syllables  is  very  conspicuous.  We  have 
already  noted  strong  evidence  that  his  place  associations  were 
by  no  means  stronger  but,  on  the  contrary,  much  weaker  than 
those  of  most  of  the  other  subjects.  On  the  other  hand,  in  his 
total  number  of  right  associates,  M.  ranks  third,  coming  after 
G.  and  P.  only. 

M.'s  imagery  was  "vorwiegend  visuell."  In  the  process  of  re- 
call, images  of  the  reaction-syllables  or  parts  of  them  were  pro- 
jected upon  the  squares  of  the  tablet.  M.  read  the  series  with  a 
very  marked  intoning,  not  called  for  by  the  simple  trochaic 
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rhythm,  and  put  a  distinct  caesura  after  the  third  and  the  sixth 
foot  This  intoning  undoubtedly  tended  to  give  a  certain  tem- 
poral (non-spatial)  placing  to  the  various  syllables  but  it  also  was 
perhaps  an  indication  of  a  striving  to  make  poor  auditory 
imagery  more  serviceable. 

M.,  of  course,  paid  special  attention  to  the  spatial  setting  of 
the  syllables  and  tried  to  make  all  the  use  possible  of  place  as- 
sociations. In  reading,  he  both  inclined  his  head  slightly  aod 
pointed  with  the  index  finger  of  his  right  hand  to  the  different 
parts  of  the  series  in  turn.  The  importance  of  the  place  associa- 
tions thus  formed  is  attested  by  the  numerical  results.  The  ex- 
perimenter can  explain  their  relatively  weak  and  treacherous 
character  only  in  the  following  way:  M.  had  had  much  practice 
in  memorizing  syllables  presented  one  at  a  time  upon  a  revolving 
drum  and  had  been  accustomed  to  visualize  them  sharply  by 
pairs.  This  habit  may  have  interfered  somewhat  with  the  use 
of  place-markers  (the  squares  of  the  tablet)  which  were  not 
paired  oflF,^'  and  also  with  the  formation  of  a  vaguer  and  more 
complex  image  of  a  larger  part  of  the.  series.  Certainly  we  can- 
not account  for  the  weakness  of  M.'s  place  associations,  as  we  can 
for  the  weakness  of  B.'s  and  of  D.'s,  by  inferiority  of  visual 
imagery. 

M.  occasionally  reported  the  out-cropping  of  an  auxiliary  as- 
sociation but  his  analysis  of  the  syllables  into  their  elements  was 
close  and  unremitting. 

The  introspective  data  will  now  be  summarized  in  combina- 
tion with  the  numerical  results. 

Conclusions 
I.  a.  The  introspective  testimony  shows  that  four  subjects 
made  conscious  use  of  associations  of  spatial  position.  These 
subjects  were  M.,  G.,  H.,  and  P.  Of  these,  M.  and  H.  seem  to 
have  been  appreciably  disturbed  by  wrong  exposure,  whereas  G. 
was  just  perceptibly  disturbed  and  P.  seems  'actually  to  have 

""In  the  experiments  of  Jacobs  (op.  cit,  p.  51 )»  M.  foimd  a  dtaintocklo 
the  use  of  the  external-localization  scheme  in  the  fact  that  the  litde  bbck 
circles  were  not  paired  off. 
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been  helped.  On  the  other  hand,  disturbance  does  appear  in  the 
case  of  D.  who  reports  no  conscious  use  of  place  associations. 
Thus,  it  is  clear  that  disturbance  by  wrong  exposure  was  not 
correlated  with  conscious  use  of  associations  of  spatial  position. 
b.  Neither  was  disturbance  by  wrong  exposure  correlated  with 
facility  in  making  spatial  associations,  for  the  two  best  localizers, 
G.  and  W.,  show  the  least  disturbance  by  wrong  exposure,  and 
the  poorest  localizer  (among  the  subjects  whose  results  need  to 
be  seriously  considered),  namely  M.,  shows  most  disturbance. 

II.  a.  Facility  in  making  place  associations  seems  to  have  been 
an  asset,  though  not  an  unfailing  asset,  of  eye-mindedness. 

b.  This  facility  did  not  involve  an  intentional  use  of  such  as- 
sociations in  recalling  syllables  presented  to  the  eye.  In  the  mind 
of  W.,  the  syllables  and  their  settings  seem  to  have  been  too 
closely  fused  to  have  any  separate  value  in  suggesting  other 
syllables. 

III.  Definite  localization  did  not  seem  to  be  essential  to  the 
consciousness  that  a  syllable  was  familiar,  nor  can  it  be  main- 
tained that  wrong  exposure  made  the  syllables  seem  unfamiliar 
and  thus  deterred  the  subjects  from  persistent  attempts  at  recall. 
For  by  all  the  subjects,  except  one,  nearly  the  same  proportion 
of  wrongly  as  of  rightly  exposed  syllables  were  pronounced 
familiar. 

IV.  a.  In  the  numerical  results,  the  sought-for  correlation  be- 
tween right  exposure  and  right  association  and  between  wrong 
exposure  and  wrong  or  negative  response  is  distinctly  traceable. 

b.  A  slight  correlation  also  appears,  within  the  results  of  the 
subjects  taken  individually,  between  right  localization  and  right 
association.  But  if  the  subjects  be  compared  with  one  another, 
it  cannot  be  said  that  facility  in  the  localization  of  the  stimulus- 
syllables  was  coupled  with  facility  in  the  recall  of  the  syllables 
paired  with  them.  One  of  the  two  best  localizers  (W.)  is  also 
one  of  the  two  subjects  who  had  the  smallest  percentage  of  right 
associates. 

V.  Correct  localization  of  the  stimulus-syllables  was  vastly 
more  frequent  than  correct  recall  of  the  syllable  paired  with  it. 
Therefore,  if  any  dependence  at  all  is  involved,  right  association 

must  hinge  upon  right  localization. 
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If  we  are  to  sum  up  the  chief  outcome  of  the  experiments  in  a 
single  sentence,  we  must  say  that  associations  of  spatial  position 
played  a  clearly  demonstrable  role  in  recall  with  all  the  subjects 
except  B.  whose  visual  imagery  was  the  poorest  and  {curiously 
enough)  except  W.,  who  was  the  most  inveterately  eye-winded 
of  them  all.  This  role  may  be  one  of  help  or — ^if  place  associa- 
tions interfere  with  one  another — one  of  hindrance.  The  inter- 
ference may  be  entirely  subconscious — i.e.,  a  mere  matter  of 
cortical  processes  without  conscious  correlates. 
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SPATIAL  ASSOCIATIONS  IN  MEMORIZING 
Method  and  Apparatus 

The  problem  of  the  second  part  of  our  experiments  has  already 
been  discussed  (p.  49).  In  brief,  it  was  to  demons?trate  any 
advantage  which  might  exist  in  learning  series  of  syllables  from 
the  exposure-tablet  as  compared  with  the  revolving  drum,  which 
brought  them  singly  into  view  behind  a  screen^slit.  On  the 
tablet,  the  syllables  were  exposed  simultaneously  and  in  conspic- 
uous spatial  relations  to  one  another;  on  the  drum,  they  were  ex- 
posed successively  and  all  in  the  same  spot.  The  method  of 
these  experiments  was  precisely  the  same,  mutatis  mutandis,  as 
the  method  used  in  the  earlier  experiments.  Series  were  learned 
from  the  drum  and  from  the  tablet  according  to  a  cyclic  program. 
The  test-procedure  for  each  series  took  place  three  minutes  after 
the  end  of  the  last  reading.  The  later  test-procedure  differed 
from  the  earlier  in  this  one  point,  namely,  that  the  stimulus-syl- 
lables were  all  shown — whether  the  series  had  been  learned  from 
the  tablet  or  from  the  drum — in  one  particular  place  on  the 
tablet, — the  third  square  in  the  second  horizontal  row.  After 
each  reaction,  the  subject  was  asked  to  name  the  position — ^the 
fifth,  the  ninth,  or  what  not — ^which  the  stimulus-syllable  had 
occupied  in  the  series. 

It  is  necessary  to  lengthen  this  section  only  by  giving  some 
description  of  the  revolving-drum  apparatus.  This  was  made 
by  Spindler  and  Hoyer  and  is  described  in  their  catalogue  under 
the  title  "Gedachtnisapparat,  Eigenkonstruktion."^  It  was  sup- 
plied with  interchangeable  metal  drimis  of  three  different  sizes. 
Each  drimi,  when  in  position,  rotated  about  the  same  horizontal 
axis  by  clockwork  which  was  controlled  by  a  falling  weight.    In 

^Apparate  fur  psychotogische  Untersuchungen,  p.  150.  The  ojpparatus  is 
familiar  in  several  American  laboratories. 
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front  of  the  drum  was  a  small  screen  containing  a  slit,  5.7  cm. 
wide  by  3.8  cm.  high.  When  this  slit  was  uncovered  (by  with- 
drawing a  small  sliding  screen),  a  single  syllable  was  visible  on 
the  white  paper  fastened  about  the  dnmi.  The  rotation  of  the 
drum  was  accomplished  by  means  of  a  cog-wheel  so  that  it 
moved  in  jerks,  showing  each  syllable  for  a  moment  and  then 
rapidly  replacing  it  by  another.  The  rate  of  rotation  of  the 
drum  could  be  controlled  either  by  changing  the  weight  or  by 
altering  the  adjustment  of  the  vane.  To  both  subjects  the  syl- 
lables were  presented  at  the  rate  of  one  per  second,  so  that  the 
time  occupied  in  reading  the  series  was  the  same  in  the  drum  as 
in  the  tablet  experiments.  In  those  with  the  subject  C,  the 
middle-sized  drum  was  used  and  this  drum  worked  properly.  In 
the  experiments  with  G.  (for  whom  twelve-syllable  series  were 
too  easy),  the  largest  drum  had  to  be  employed.  This  drum 
moved  irregularly,  because  some  of  its  cogs  were  not  properly 
made,  and  this  circumstance  greatly  annoyed  the  subject  (who 
felt  responsible  for  the  behavior  of  the  apparatus)  and  often 
seriously  distracted  her  attention. 

Nutnerical  and  Introspective  Results 

The  numerical  results  are  presented  in  Table  III. 

This  table  is  modelled  after  Table  I.  (See  pp.  62  and  63.) 
The  only  new  feature  is  the  fifth  column,  in  which  the  letters  T 
and  D  stand  for  tablet  and  drum  respectively.  The  first  line  of 
the  table  may  be  translated  as  follows:  The  subject  G.,  in 
memorizing,  read  from  the  tablet  series  of  twenty-two  nonsense 
syllables  at  first  three  times  and  afterwards  twice  each.  In  the 
test-procedure,  the  odd-number  syllables  were  shown  so  that  the 
subject  was  required  to  name  the  syllable  succeeding  (not  that 
preceding)  each  stimulus-syllable.  In  these  tablet  experiments, 
the  stimulus-syllables  were  292  in  number.  Of  these,  71  per  cent 
called  up  right  associates  in  an  average  time  of  3640(r.    And  so  on. 

One  or  two  explanatory  remarks  on  procedure  have  been  re- 
served for  this  place.  G.  was  asked  to  name  the  syllable  follow- 
ing rather  than  the  syllable  preceding  the  stimulus-syllable  in 
order  that  her  task  might  be  the  same  as  that  of  C,  an  unprac- 
ticed  subject  for  whom  the  naming  of  the  preceding  syllable  was 
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supposed  to  be  too  hard  As  G/s  task  was  thus  made  easier  than 
it  was  in  the  earlier  experiments,  it  was  advisable  to  make  a  com- 
pensating increase  in  the  length  of  the  series.  The  length  twenty- 
two  was  taken  because  this  was  the  largest  number  of  syllables 
which  could  conveniently  be  presented  on  the  largest  of  the  three 
drums.  The  two  squares  at  the  right  end  of  the  fourth  hori- 
zontal row  on  the  tablet  were  left  vacant.  The  readings  of  the 
series  on  the  tablet  had  to  be  reduced  from  three  to  two  because 
with  three  readings  the  subject  was  getting  far  too  many  of  her 
reactions  right; — i.e.,  was  making  only  one  class  of  cases,  that 
of  right  associates. 

The  discussion  of  the  numerical  and  of  the  introspective  data 
will  be  blended  and  the  results  of  the  two  subjects  will  now  be 
considered  one  after  the  other,  taking  first  the  unpracticed  sub- 
ject, C 

C.   (Josephine  Nash  Curtis)  was  an  undergraduate  student 
in  a  second   full-year  course  in  psychology.      In    this    woik 
she  served  both  as  experimenter  and  as  subject.     As  a  pre- 
liminary measure,  she  was  drilled  in  the  use  of  the  apparatus 
by  a  series  of  practice  experiments  not  reported  here.     Her 
results  show  a  distinct  advantage  in  learning  from  the  tablet 
as   compared  with   the   dnmi.     With   the   tablet,    she   has  a 
slightly  larger  percentage  of  right  associates  with  a  consider- 
ably shorter  reaction  time  (2670  as  compared  with  3270<r)  ;  and 
she  also  has  a  slightly  smaller  percentage  of  zero  cases  with  a 
slightly  longer  time.     She  also  has,  with  the  tablet,  a  slightly 
smaller  percentage  of  wrong  associates  although  the  wrong- 
reaction  time  is  about  the  same  as  that  with  the  drum.    C.  claimed 
that  her  imagery  was  "chiefly  visual"  although  she  admitted 
having  "auditory"  imagery  also.     She  did  not,  in  the   drum 
experiments,  visualize  the  tablet  and  project  the  series  upon  it 
after  the  fashion  of  inveterate  visualizers.     (C/.  the  practice  of 
G.  as  stated  below  and  that  of  Jacobs's  eye-minded  subjects.) 
Nevertheless,  she  correctly  stated  the  positions  in  the  series  of 
a  considerable  percentage  of  the  drum  syllables.    Her  percentages 
of  right  placings  are  given  in  the  following  scheme  and  for  con- 
venience of  comparison  G.'s  percentages  are  included  with  them: 
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Percentages  of  Right  Placings  for  StmulusSyllables 

Followed  by 

Right  Associates  Wrong  Associates    No,  Associates 

93  SO  39 

88  42  23 

97  86  65 

42  25  13 

This  scheme  shows  that,  on  the  one  hand,  C.  was  by  no  means 
oblivious  of  the  position  of  syllables  in  the  drum  series,  but,  on 
the  other  hand,  that  her  placing  of  the  drum  syllables  was  very 
poor  both  in  comparison  with  her  localization  of  the  tablet  syl- 
lables and  with  G.'s  placing  of  the  drum  syllables.  C.'s  attention 
to  the  place  of  the  drum  syllables  was  probably  due  chiefly  to  her 
being  constantly  questioned  as  to  their  places.  But  her  conscious 
use  of  spatial  associations  in  the  tablet  series  is  certain.  She  re- 
ported that  in  learning  from  the  tablet  the  syllables  "paired  off 
naturally,"  whereas,  in  learning  from  the  drum,  a  syllable  had 
no  more  connection  with  the  one  following  than  with  the  one 
preceding  it  This  she  reported  in  spite  of  the  fact  that  she  read 
the  pairs  of  syllables  from  the  drum  in  correct  trochaic  rhythm. 
She  also  said  that,  in  the  test-procedure  with  the  tablet  series, 
whenever  she  could  not  at  once  recall  the  proper  syllable,  she 
was  accustomed  to  "try"  the  stimulus-syllable  in  different  places 
on  the  tablet,  and  that  when  she  "found  the  right  place,"  the 
right  associate  would  generally  come  to  mind.  With  the  "drum 
syllables,"  she  said  that  "there  was  no  such  way  of  trying  to 
remember"  and  so  she  "gave  up  sooner."  C.  made  some  use  of 
auxiliary  associations. 

With  G.  the  advantage  of  learning  from  the  tablet  appears 
very  great  indeed.  In  the  tablet  experiments,  the  percentage  of 
right  associates  is  much  greater  (71  as  compared  with  55)  and 
the  percentage  of  zero  cases  much  smaller  (21  as  against  32). 
Moreover,  she  has,  with  the  drimi,  11  per  cent,  of  wrong  as-, 
sociates,  a  large  number  for  her.  Furthermore,  her  reaction 
times  for  all  classes  of  cases  are  decidedly  shorter  with  the  drum, 
an  unmistakable  sign  that  with  the  drum  a  larger  number  of 
stimulus-syllables  were  devoid  of  any  glimmering  of  associates. 
As  a  matter  of  fact,  G.'s  method  of  procedure  in  the  two  sets  of 
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experiments  was  not  so  very  different    When  learning  from  the 
drum,  she  intentionally  visualized  the  spots  of  color  representing 
the  syllables  in  four  horizontal  lines  in  a  pattern  exactly  resemb- 
ling the  tablet  pattern.    In  other  respects,  her  method  in  both 
sets  of  experiments  was  exactly  the  same  as  her  method  in  the 
earlier  experiments.     (See  p.  82.)     Her  placing  of  the  dram 
syllables  was  bona  fide  spatial  localization  and  (as  the  scheme  on 
page  95  shows)  it  compares  very  favorably  with  her  placing  of 
the  tablet  syllables.    In  view  of  the  similarity  of  G.'s  method  in 
the  two  sets  of  experiments,  the  enormous  advantage  of  the 
tablet  series  as  shown  in  Table  III  seems  at  first  sight  surprising. 
It  is,  however,  all  too  easily  explained     In  the  first  place,  the 
subject,  in  spite  of  much  practice  in  memorizing,  had  never  b^ 
fore  learned  syllables  presented  to  the  eye  singly  and,  so  to  spcat 
"on  the  move."    Under  the  best  of  circimistances,  she  would 
probably  have  felt  a  certain  nervousness  when  first  learning  from 
the  drum.    But,  in  the  second  place,  her  eyesight,  at  the  time  this 
work  was  done,  was  very  poor  so  that  she  had  great  difficulty  in 
reading  the  syllables  quickly  enough  from  the  drum,  although 
they  were  written  with  India  ink  and  very  legibly.    In  the  first 
and  often  in  the  second  reading,  her  attention  was  wholly  taken 
up  with  the  bare  deciphering  of  the  syllables  so  that  none  was 
left  for  linking  them  in  any  fashion.    In  reading  from  the  tablet, 
to  be  sure,  she  sometimes  hesitated  but,  with  the  tablet,  it  was 
often  possible  to  look  back  at  a  half-read  syllable  even  while 
pronouncing  another  on  the  proper  metronome-beat.    In  the  third 
place,  G.  was  frequently  vexed  by  the  momentary  stopping  of 
the  drum,  whose  irregular  behavior  no  one  ever  succeeded  in 
entirely  correcting.    In  view  of  these  facts,  it  is  clear  that  G.'s 
numerical  results,  though  striking,  are  not  very  significant- 

'  As  a  matter  of  fact,  in  certain  somewhat  similar  experiments  which  an 
now  in  progress,  this  subject  is  obtaining  slightly  better  results  with  '^ 
temal"  than  with  "external"  localization.  In  these  experiments,  however, 
presentation  is  in  both  cases  aural. 

The  figures  which  show  the  relative  familiarity  of  the  tablet  and  dna 
syllables  in  the  experiments  here  reported  appear  to  have  been  among  die 
records  which  were  burned. 
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Conclusion 

These  experiments,  as  far  as  they  go,  tend  to  show  what  was 
indicated  by  the  numerical,  and  proved  by  the  introspective,  re- 
sults of  the  earlier  experiments,  namely,  that  associations  of 
spatial  position  may  be  not  merely  a  concomitant  but  also  a  really 
mediating  factor  in  the  recall  of  one  nonsense  syllable  by  another. 
The  argument  based  upon  the  later  experiments  runs  as  follows : 
Syllable  sequences  are  better  recalled  if  the  series  are  presented 
for  memorizing  in  such  a  fashion  as  to  foster  the  formation  of 
place  associations.  The  main  argument  based  upon  the  earlier 
experiments  is  this:  The  recall  of  one  syllable  by  another  is 
blocked  if  measures  are  taken  to  make  any  place-and-sylldble  as- 
sociations which  may  be  formed  interfere  with  one  another. 

The  results  of  these  later  experiments  are  exactly  in  line  with 
the  findings  of  Jacobs.  The  correspondence  is  the  more  signifi- 
cant on  account  of  the  differences  of  method.  It  will  be  remem- 
bered that  Jacobs  used  aural  presentation  and  provided  his  sub- 
jects merely  with  rows  of  round  black  spots  upon  which  they 
were  required  mentally  to  localize  the  syllables.  We,  on  the 
other  hand,  furnished  the  conditions  of  perceptual  localization. 
The  purport  of  all  three  series  of  experiments,  those  of  Jacobs 
and  our  own  two  series,  is  the  more  convincing,  because  in  none 
of  them  does  the  role  played  by  place  associations  loom  incredibly 
large. 
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I. 

RATE  OF  REPETITION  AND  TENACITY  OF 
IMPRESSION 

Introduction 

This  paper  and  the  paper  which  follows  are  both  off-shoots  of 
the  writer's  "Study  in  Memorizing  Various  Materials  by  the 
Reconstruction  Method."^  It  is  unnecessary  here  to  say  much  of 
the  rough  but  extended  series  of  experiments  made  by  this 
method,  but  it  is  necessary  to  call  the  reader's  attention  to  their 
general  nature  and  outstanding  results,  since  the  problems  of 
the  two  papers  here  submitted  will  be  better  understood  if  their 
historical  and  logical  connection  with  the  earlier  work  be  traced 
in  some  detail.  This  introduction,  therefore,  will  contain  (I) 
a  very  brief  account  of  the  reconstruction  experiments,  (II)  an 
enumeration  of  the  links  which  connect  the  reconstruction  work 
with  this  present  work,  and  (HI)  the  formulation  of  the  prob- 
lem of  this  paper  and  of  the  next. 

I.  By  the  term  reconstruction  method  is  meant  the  procedure 
in  which  series  of  objects  are  presented  to  the  subject  who  is 
afterwards  required  to  arrange  them  in  the  order  in  which  they 
were  originally  given.  This  performance  may  be  repeated  until 
the  reconstruction  is  both  accurate  and  unhesitating.  In  the 
writer's  experiments,  the  material  consisted  of  scents,  of  colors, 
and  of  nonsense  syllables  written  upon  small  oblong  cards.  The 
results  of  these  experiments  are  in  two  respects  in  marked  contra- 
diction to  the  results  usually  obtained  by  the  method  of  complete 
memorizing,  or  Erlemungsmethode,  the  method  of  Ebbinghaus 
and  of  Miiller  and  Schumann.^    In  the  first  place,  practice  tended* 

^WeUesUy  College  Studies  in  Psychology^  Psychological  Review,  Whole 
Number  43.  Throughout  this  paper,  this  work  will  be  refored  to  as  Mem- 
orising  by  the  Reconstruction  Method, 

'  The  nature  of  this  method  may  be  briefly  indicated  as  follows :  A  series 
of  words  or  syllables  is  repeated  over  and  over  again  until  it  can  once  be 
recited  without  inaccuracy  or  hesitation.  The  first  repetitions  are  made  by 
the  experimenter  who  presents  the  whole  series  to  the  subject.    At  the  end 
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to  reduce  the  number  of  repetitions  necessary  for  memorizii^  by 
the  reconstruction  method  to  the  same  number  for  longer  and 
longer  series^  so  that  to  the  practiced  learner  the  length  of  the 
series  was  of  surprisingly  small  importance.  In  the  second  place, 
the  number  of  repetitions  required  was  remarkably  small,  even 
with  untrained  subjects.  The  number  of  repetitions  necessary 
for  a  comi^etely  accurate  and  unhesitating  reconstruction  rarely 
exceeded  four,  even  with  banners  who  were  memorizing  series 
of  eighteen  members,  or  with  practiced  learners  who  were 
memorizing  series  of  thirty-one  or  of  forty-one.  These  figures 
are  in  striking  contrast  with  the  numbers  of  repetitions,  rarely 
falling  below  ten,  which  were  necessary  for  memorizing  series 
of  twelve  nonsense  syllables  in  the  experiments  of  Miiller  and 
Schumann  and  with  the  very  similar  results  of  other  experi- 
menters who  have  worked  with  the  method  of  complete  memoriz- 
ing. One  should  especially  recall  in  this  connection  the  state- 
ment of  Ebbinghaus:  "Whereas  I  am  able,  almost  without  ex- 
ception, to  recite  series  of  six  nonsense  syllables  without  mistake 
after  a  single  presentation,  I  can  recite  series  of  twelve  syllables 
(read  rapidly)  only  after  from  fourteen  to  sixteen  repetitions, 
series  of  sixteen  only  after  thirty,  and  series  of  thirty-six  only 
after  fifty-five."* 

• 

II.  The  connection  between  the  reconstruction  experiments 
(virtually  finished  in  1905)  and  the  experiments  here  reported 
(which  were  begtm  in  1910)  may  be  traced  (a)  through  other 
experiments  and  (b)  through  a  theory  suggested  by  them. 

a.  The  contrast  just  indicated  between  the  results  obtained  by 
the  reconstruction  experiments  and  by  the  method  of  complete 
memorizing  led  the  writer  to  make  an  experimental  study  of  the 
reconstruction  method  itself.*  This  study  included  experiments 
with  nonsense  syllables  by  the  method  of  complete  memorizii^' 

of  any  repetition  the  subject  may  begin  to  recite,  but  as  soon  as  he  hesitates 
or  makes  a  mistake,  the  rest  of  the  series  is  presented  to  him.  The  method 
is  more  fully  described  on  p.  in  4>ek>w. 

•  Grundsuge  der  Psychotogie,  Zweite  Aufgabe,  p.  651.  Cf.  Memorismg  by 
the  Reconstruction  Method,  vp,  76,  87-8;)  and  206. 

*  Memorising  by  the  Reconstruction  Method,  Chapter  VI. 
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and  led,  by  numerical  and  introspective  evidence,  to  the  following 
conclusions:  (i)  The  small  number  of  repetitions  necessary  for 
memorizing  series  of  any  practicable  length  by  the  reconstruction 
method  was  due  in  large  measure  (a)  to  the  fact  that  the  sub- 
jects were  allowed  unlimited  time  for  reconstruction  and  were 
thus  enabled  to  work  with  emotional  composure  and  (b)  to  the 
fact  that  the  rate  of  presentation  was  very  slow.  The  nonsense 
syllables  and  colors  were  presented  at  intervals  of  from  three 
and  a  half  to  four  seconds  and  the  smells  at  intervals  of  five 
seconds.  Thus,  the  rate  at  which  the  nonsense  syllables  were 
presented  was,  roughly  speaking,  only  one  tenth  as  fast  as  the 
rate  used  by  Ebbinghaus  in  his  classical  experiments,  and  only 
about  one-fifth  as  fast  as  the  rates  ordinarily  employed  in  the 
method  of  complete  memorizing.  (2)  Even  in  this  method  of 
complete  memorizing  itself,  the  number  of  necessary  repetitions 
can  be  very  greatly  reduced  by  reducing  the  rate  at  which  the 
series  is  repeated,  although  this  saving  of  repetitions  is  ordinar- 
ily accomplished  at  the  cost  of  some  waste  in  the  total  learning 
time.  The  subject  learns  more  in  a  single  slow  repetition  than  in 
a  single  rapid  repetition  but  learns  more  in  the  rapid  repetition 
in  proportion  to  the  time  spent  upon  it'  (3)  In  the  method  of 
complete  memorizing,  also,  reducing  the  rate  at  which  the  series 
is  repeated  greatly  reduces  the  importance  of  series  length.  It 
would  seem  on  introspective  grounds  that  this  fact  is  due  to  the 
lessening  of  the  mutual  interference  of  the  associations,  the 
crowding  out  of  one  part  of  the  series  from  the  learner's  mind 
by  another.®     (4)  Learning  by  slow  repetition  under  the  con- 

•This  result  is  entirely  in  agreement  with  the  findings  of  other  experi- 
nienters.    See  the  references  given  on  page  iS7  below. 

•  Ebbinghaus  says  (if  translated) :  "Many  persons  can  never,  in  a  reason- 
able time,  achieve  a  perfectly  correct  recitation  of  the  longer  series  of 
nonsense  syllables.  Some  parts  are  continually  thrown  into  confusion  by 
others.  .  .  .  The  readings  which  follow  the  first  readings  of  the  series  often 
seem  to  bring  about  only  a  slight  increase  in  the  subject's  power  to  reproduce 
it.  The  mutual  disturbance  of  the  series  members  by  one  another,  which  is 
distinctly  manifest  to  immediate  consciousness,  brings  the  process  of  learning 
to  a  standstill  and  only  when  the  whole  series  has  become  somewhat  more 
familiar  through  numerous  readings,  does  a  further  increase  in  the  number 
of  retained  elements  take  place."    Grundsuge,  p.  651. 
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ditions  of  either  the  reconstruction  method  or  the  method  ot 
complete  memorizing  fosters  the  develoiMnent  of  a  technique  in 
learning,  which  could  not  readily  be  acquired  through  learning 
by  fast  repetition,  but  which,  once  acquired,  can  be  transferred 
to  learning  by  rapid  repetition^ 

b.  The  repetition-saving  advantage  of  slow  repetition  is  some- 
what parallel  to  the  repetition-saving  advantage  of  distributed 
repetitions  (Verteilung  der  Wiederholungen) ,  an  advantage 
which  was  demonstrated  by  Jost  This  parallel  led  the  writer  to 
compound  out  of  the  doctrines  of  Professor  G.  E.  Miiller  and 
his  disciples,  (i)  a  physiological  theory  of  the  repetition-saving 
advantage  of  slow  repetition  with  (2)  a  complementary  theory 
of  the  time-saving  advantage  of  fast  repetition.  Such  a  physio- 
logical theory  is,  of  course,  purely  speculative,  whereas  the  ten- 
dency of  slow  repetition  to  foster  the  development  of  technique 
is  a  fact  of  clear  introspection.  But,  however  small  the  value 
of  the  writer's  theory  may  be,  it  is  necessary  to  mention  it  here 
because  it  led  directly  to  the  experiments  reported  in  this  paper 
and  the  next.  The  theory  is  set  forth  in  full  in  the  last  pages 
of  "Memorizing  by  the  Reconstruction  Method."  Here  it  may 
be  summarized  in  the  following  statements :  ( i )  An  association, 
in  the  physiological  sense,  consists  of  such  a  modification  of  the 
nerve-path  connecting  two  cortical  areas  that  excitation  tends 
ever  afterward  to  run  from  one  to  the  other,  or,  to  put  the  mat- 
ter still  more  vaguely,  of  such  a  modification  of  the  cortex  that 
the  excitory  process  of  one  idea  tends  ever  afterward  to  involve 
that  of  the  other.  The  formation  of  such  a  modification, — say, 
by  the  attentive  repetition  of  two  nonsense  syllables — ^requires 
cortical  energy,  whatever  the  nature  of  this  energy  may  be.  If 
the  modification  is  at  all  lasting,  seme  process  of  consolidation 

*G.,  the  present  writer  and  the  principal  subject  in  all  these  experiments, 
was  able  at  maximum  practice,  to  learn,  by  the  method  of  complete  memoriz- 
ing, series  of  eighty-one  syllables  in  one  hour  when  the  syllables  were  pre- 
sented at  intervals  of  five  seconds,  and  in  three  quarters  of  an  hour  when 
they  were  presented  at  intervals  of  one  second.  The  time  required  for 
learning  syllable  series  of  the  same  length  by  the  reconstruction  method  was 
one  hour  and  a  half,  but  this  time  included  the  considerable  periods  necessary 
for  recording  the  results  of  each  trial. 
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or  "setting"  must  take  place  and  this  process  also  requires  corti- 
cal energy.  The  amount  of  nervous  energy  available  in  the  cor- 
tex at  any  one  time  is  limited.  Therefore,  when  a  number  of 
associations,  which  we  may  symbolize  by  letters,  are  formed  in 
quick  succession,  the  initiation,  say,  oi  e  -  f  draws  energy  away 
from  the  consolidation  oi  d  -  e.  Thus,  d  -  e  will  be  less  firmly 
stamped  the  more  quickly,  at  each  repetition  of  the  series,  its 
impression  is  followed  by  the  impression  oi  e  -  f,  and  in  so  far 
as  <l  -  ^  is  being  consolidated,  it  will  weaken  the  impression  of 
e  -  f.  Thus,  a  single  rapid  repetition  of  a  series  accomplishes 
little.  Slow  repetition  has  a  physiological  advantage.  Only 
multiplicoHon  of  repetitions  can  make  up  for  rapidity  of  repeti- 
tion. (2)  Rapid  repetition  greatly  increases  the  perseverative 
tendencies  of  the  series  members.  Therefore,  a  short  series,  if 
rapidly  repeated  can  be  learned  for  purposes  of  prompt  recitation 
in  a  relatively  short  time,  since  in  the  case  of  a  ^hort  series,  the . 
perseverative  tendencies  of  the  members  may  more  than  make 
up  for  the  comparative  weakness  of  the  associations  between 
them.  But  the  number  of  words  or  syllables  which  tend  to 
pcrseverate  at  any  one  time  is  very  limited.  Moreover,  rapid 
repetition  tends  to  increase  not  only  the  perseverative  tendencies 
but  also  the  mutual  interference  of  the  members — that  interfer- 
ence which  is  so  clearly  manifest  to  introspection  and  which  is 
doubtless  the  psychic  index  to  the  draughting  of  cortical  energy 
in  too  many  directions  at  once.  Therefore,  long  series  cannot 
be  learned  by  rapid  repetition  within  a  "reasonable  time"  unless 
the  learner  has  acquired  a  most  unusual  technique.  (This  state- 
ment holds,  of  course,  only  for  the  learning  of  meaningless  ma- 
terial.) Moreover,  perseverative  tendencies, — as  (or  if)  mani- 
fested in  the  "mental  echo"  of  the  series — fall  away  rapidly  with 
lapse  of  time,  running  down  noticeably  in  the  first  thirty  seconds 
and  becoming  after  three  minutes  negligible  as  an  aid  in  repeat- 
ing even  a  twelve-syllable  series.  Hence,  if  a  series  is  to  be 
recited  largely  in  virtue  of  the  perseveration  of  its  members,  it 
must  be  recited  at  once  and  rapidly. 

At  the  time  this  theory  was  propounded,  the  writer  held  a  view 
of  recall,  which  was  afterwards  more  clearly  formulated  by 
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Titchcner,  who  indeed  is  far  from  espousing  it  but  sets  it  forth 
only  to  reject  it    According  to  this  view  three  diflFcrcnt  tcndoh 
cies  may  come  into  i^y  when  the  word  or  syllable  ^  has  been 
strongly  associated  with  the  word  or  syllable  /  and  soon  after- 
ward recurs :     ( i )  The  impressional  tendency  of  /,  that  is,  its 
readiness  to  emerge  (as  an  image),  ''the  distance  below  the 
conscious  limen  at  which  its  excitory  process  is  now  going  on"; 
(2)  the  associative  tendency,  which  indexes  the  strength  of  the 
connection  between  the  excitory  processes  of  e  and  /;  and  (3)  the 
perseverative  tendency  of  /,  which  is  "a  sort  of  rhythm  im- 
pressed upon  the  impressional  tendency,"  such  that  /  may  "now 
and  again  emerge  without  the  aid  of  the  associative  tendcna" 
It  is  this  rhythmical,  non-associative  recurrence  which  Titdicner 
rejects  as  unproved.®    In  the  theory  of  the  present  writer,  im- 
pressional and  perseverative  tendencies  were  not  distinguished 
from  each  other,  but  the  rhythmical  character  of  something 
which  might  well  have  been  called  the  "impressional  tendency" 
was  suggested.    In  most  cases  in  which  the  term  perseverol^ 
tendency  is  used  in  this  paper,  impressional  tendency  might  be 
substituted.    The  writer  did  indeed  (and  does  still  faintly)  b^ 
lieve  that  a  recent,  vivid  and  oft-repeated  percept  might  recur  as 
an  image  without  the  aid  of  association,  but  has  never  supposed 
that  a  whole  series  of  syllables  could  be  recited  in  order  in  virtue 
of  perseveration  alone.    For  if  equal  attention  were  given  toaH 
members  of  the  series,  the  perseverative  tendencies  of  the  last 
repeated  would  be  the  strongest,  so  that  if  the  series  emerged  in 
virtue  of  perseveration  it  would  be  likely  to  emerge  in  reverse 
order — "wrong-end-to."    But  in  the  rapid  recitation  of  a  much 
and  quickly  repeated  series,  one  is  conscious  of  no  rearrangement 
except  in  so  far  as  one  is  conscious  of  the  mental  echo  of  the 
last  few  syllables  in  a  sort  of  polysyllabic  nonsense  word  and  is 
conscious  of  putting  this  aside  in  order  to  "begin  at  the  b^^in- 
ning."    In  beginning  the  series  and  in  reciting  it  in  proper  order. 
perseveration,  if  operative,  must  simply   facilitate  associatioa 
One  has  different  feelings  or  "attitudes"   (Bewusstseinslaffn) 
when  one  is  reciting  a  series  rapidly  repeated  many  times  and 
•  Cf.  Titchcncr,  Text-Book  of  Psychology,  pp.  400-401. 
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when  one  is  reciting  a  scries  slowly  repeated  two  or  three  times, 
even  when  one  does  not  hesitate  in  either  instance.  In  the  on£ 
case,  one  feels  as  if  one  were  speaking  automatically;  in  the 
other,  as  if  recitation  really  involved  "volimtary"  recall.  Do 
these  different  feelings,  however  they  may  be  analyzed  in  organic 
and  kinaesthetic  terms,  indicate  a  difference  of  kind  in  the  nerv- 
ous conditions  of  recall?  The  question  is  surely  worth  asking 
and  trying  to  answer.* 

III.  The  problem  of  this  paper  and  that  of  the  next  are  ques- 
tions which  test  the  theory  just  outlined, — questions  whose 
answers  must  buttress  or  in  some  degree  imdermine  the  theory. 
The  questions  are  these: 

a.  li  learning  by  fast  repetition  involves  a  severer  demand 
upon  cortical  energy  than  learning  by  slow  repetition,  then  leanp- 
ing  by  fast  repetition  should  be  the  more  fatiguing  to  the  sub- 
ject.   Is  this  the  case?    This  is  the  problem  of  the  second  paper. 

6.  If  the  reason  that  fast  repetition  saves  time  is  that  a  series 
can,  in  virtue  of  the  perseveration  tendencies  of  its  members,  be 
recited  before  the  associations  between  the  members  are  firmly 
stamped,  then  series  learned  by  fast  repetition  should  not  be  so 

*  The  locus  classicus  for  the  doctrine  of  perseveration  in  normal  psychology 
is  Miiller  and  Pilzecker,  Beitrdge  sur  Lehre  vom  Gedachtniss,  Zeitschrift  f. 
Psych,  und  Physiol,  der  Sinnesorgane,  Erganzung^band  1  (1900),  pp.  58-78. 
According  to  this  passage,  the  term  Perseverationstendeng  means  the  tendency 
of  a  recent,  vivid  and  repeated  experience  to  return  to  consciousness  spon- 
taneously (fret),  ie.,  not  in  virtue  of  an  associative  connection.  This  is  the 
meaning  attached  to  the  term  perseverative  tendency  by  the  present  writer,, 
except  that  she  would  prefer  to  say,  "not  or  not  wholly  in  virtue  of  associa- 
tion." For  a  destructive  study  of  the  doctrine  of  perseveration  as  thus  con- 
strued see  Foster,  On  the  Perseverative  Tendency,  American  Journal  of 
Psychology,  25,  pp.  393-426.  For  tiie  theory  of  consolidation  processes,  see 
M^ler  and  Pilzecker,  op.  cit.,  pp.  195-198.  See  also  Mtiller's  paper  on 
Wiedererkennung  und  ruckwirkende  Hemmung,  with  the  discussion  follow- 
incr>  in  the  Bericht  uber  den  V.  Kongress  fiir  experimentelle  Psychologic 
(1912),  pp.  216  f.  Jost's  work  is  found  in  the  Zeitschrift  f.  Psydi.  tind 
Physiol,  der  Sannesorgane,  14  (1807),  pp.  436,  f.  His  title  is  Assoziations- 
fertigkeit  in  ihrer  Abhdngigkeit  von  der  Verteilung  der  Wiederholungen. 
For  the  suggestion  that  perseveration  tendencies  are  heightened  by  rapid 
repetition,  see  Ephrussi,  Experimentelle  Beitrdge  sur  Lehre  vom  Gedachtniss, 
same  Zeitschrift,  37  (1905),  p.  202. 
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well  remembered  as  scries  learned  by  slow  repetition,  series 
which  must  be  recited  wholly  in  virtue  of  association  and  not 
partly  by  the  aid  of  perseveration.  Are  series  learned  by  fast 
repetition  as  well  remembered  as  series  learned  by  slow  repeii- 
tionf  This  question  constitutes  the  primary  problem  of  this 
present  paper.  A  secondary  interest  lies  in  securing  evidence  for 
a  consolidation  process  in  the  case  of  slow  repetition.  The  ex- 
perimental conditions  and  data  may  now  be  presented. 

Materials 
Throughout  the  experiments,  the  material  consisted  of  "nor- 
mal" series  of  "English"  nonsense  syllables,  made  in  imitation 
of  the  normal  "German"  series  of  Miiller  and  Schumann.*®  A 
full  description  of  the  English  series  will  be  f otmd  in  the  writer's 
study  of  the  reconstruction  method.^*     Series  of  twenty-four 

^Mulkr  and  Schumann,  Experimentelle  Btiirage  sur  Untersuchung  des 
Geddchtnisses,  Zeitschrift  f.  Psy^.  und  Physiol,  der  Sinnesorgane,  6,  ^ 
«>-io6. 

^  Memorising  by  the  Reconstruction  Method,  pp.  20-23.  In  the  series  used 
in  1910-1911,  i.e.,  in  the  earlier  experiments  covered  by  this  paper,  the  combi- 
nation qu  was  introduced  among  the  initial  consonants.  In  the  series  used 
in  1911-1912,  i,e„  in  the  last  experiments  covered  by  this  paper  and  in  all  the 
experiments  covered  by  the  following  paper,  two  additional  changes  were 
made.  The  digraph  th  was  stricken  from  the  list  of  initial  consonants,  be- 
cause in  aural  presentation  the  sound  was  too  easily  mistaken  for  that  of 
/.  Further,  before  the  terminal  silent  e,  which  was  used  to  indicate  a  long 
sound  for  the  central  vowel,  c  was  used  to  give  the  hard  somid  of  s.  S  can- 
not be  used  before  the  silent  e  on  account  of  its  phonetic  ambiguity  and, 
therefore,  in  the  earlier  series  the  hard  sound  of  s  had  not  been  used  after  a 
long  vowel,  although  the  soft  sound  had  been  given  by  s,  (One  could  not 
tell  from  the  spelling  whether  bise  should  rhyme  with  wise  or  with  mice  but 
bice  is  unambiguous.) 

These  series  contain  English  words.  So  also  do  the  normal  series  of 
Miiller  and  Schumann  contain  German  words.  English  series  made  by  onr 
rules  have,  however,  at  least  this  one  merit,  that  a  learner  at  all  versed  in 
the  rules  of  English  phonetics  knows  how  to  pronounce  them  when  he  sees 
them  and  can  very  easily  learn  how  to  spell  them  when  he  hears  them.  (The 
writer  ha6  seen  in  other  laboratories  such  syllables  as  qiv,  which  seem  un- 
suitable for  most  purposes.)  It  must  be  confessed,  nevertheless,  that  not  all 
laboratory  workers  are  able  readily  to  apply  the  laws  of  English  phonetics 
and  that  nonsense  syllables  are  in  the  case  of  English-speaking  subjects 
by  no  means  so  satisfactory  a  material  as  they  are  in  the  case  of  German 
subjects.     The  (merman  language  is  phonetic;  English  phonetic  rules  have 
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members  were  made  by  joining  two  series  of  twelve,  end  to  end, 
with  care  that  no  one  sound  should  occur  both  in  the  twelfth 
and  in  the  thirteenth  syllables.  The  following  may  be  given  as 
a  specimen  series  of  twenty-four  members:  quoke,  pule,  bouj, 
roin,  jiv,  lame,  tene,  mite,  kug,  wox,  vesh,  haz,  moce,  qtdag,  poul, 
7/ube,  hud,  raje,  shet,  lif,  keze,  toim,  wine,  yosh. 

Method 
Briefly  described,  our  experiments  consisted  in  learning  and  in 
releaming  series  of  nonsense  syllables  by  the  method  of  complete 
memorizing,  with  aural  presentation  and  with  a  variety  of  rates 
both  of  presentation  and  of  recitation.  In  this  section,  it  is 
necessary  (I)  to  recall  the  details  of  the  method  to  the  reader's 
mind,  (II)  to  state  the  exact  manner  in  which  the  method  was 
used  in  our  own  experiments,  and  (III)  to  set  forth  the  pro- 
cedures by  which  we  strove  to  test  the  tenacity  of  the  associations 
formed  in  learning  the  scries. 

I.  The  method  of  complete  memorizing  or  Erlemungsmethode 
is  the  pioneer  method  for  memory  investigation  which  was  de- 
vised by  Ebbinghaus  more  than  thirty  years  ago  and  was  elabo- 
rated by  Miiller  and  Schumann  in  the  early  nineties.  The  writer 
has  taken  the  term  method  of  complete  memorizing  from 
Bergstrom. 

The  standard  features  of  this  method  are  as  follows :  A  series 
of  words  or  syllables  is  presented  over  and  over  again,  either 
to  the  eye  or  to  the  ear  of  the  learner,  tmtil  he  can 
once  (or  twice)  recite  the  whole  in  order,  without  mistakes 
and   without   hesitation.      At    the   end    of    any    presentation. 


countless  exceptions.  Persons  who  have  worked  with  the  writer  have  per- 
sisted to  the  last  in  pronouncing  certain  syllables  by  analogy  with  English 
words  not  phonetically  pronounced,  e^f.,  on  making  pove  rhyme  with  love  and 
dove  instead  of  with  clove  and  stove.  Another  unfortunate  tendency  is 
toward  pronouncing  the  strange  combinations  of  letters  by  analogy  with 
French  or  German  words.  Thus,  bouj  may  be  made  to  rhyme  with  rouge 
and  jiv  may  be  called  yiv.  The  writer  can  see  no  way  of  using  a  large 
number  of  different  syllables  without  entailing  these  disadvantages  upon 
the  material. 
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the  subject  may  begin  to  recite  the  series  from  the  bcgm- 
ning,  but  as  soon  as  he  hesitates  or  makes  a  mistake,  the  rest 
of  the  series  is  presented  to  him.  Thus,  every  repetitioo  or 
traversing  of  the  series,  except  the  first  and  the  last,  may 
consist  partly  of  presentation  and  partly  of  recitation.  The 
first,  which,  strictly  speaking,  is  not  a  repetition  at  all,  is 
necessarily  a  complete  presentation  and  the  last  consists  in  the 
unerring  and  unhesitating  recitation.  In  all  the  publications  of 
this  laboratory,  the  term  repetition  is  used  (like  the  Geiman  word 
Wiederholung)  to  stand  for  any  traversing  of  the  series,  whether 
made  up  wholly  of  presentation  or  wholly  of  recitation  or  paittj 
of  the  one  and  partly  of  the  other.  In  reading  this  paper,  it  is 
necessary  to  keep  the  distinction  between  presentation  and  recita- 
tion clearly  in  mind,  since  the  rates  of  presentation  and  of 
recitation  were  varied  independently  of  one  another. 

In  the  case  of  visual  presentation,  a  recitation  is  counted  as 
"unhesitating''  when  each  syllable  is  named  before  it  can  be  read 
by  the  subject  from  the  revolving  drum  or  other  apparatus  which 
is  used  to  bring  the  syllables  singly  into  view.  When  the  iwescn- 
tation  is  aural,  the  distinction  between  hesitating  and  unhesitat- 
ing recitation  is  harder  to  draw.  The  only  general  statemeot 
which  can  be  made  is  that  recitation  is  called  unhesitating  when 
the  syllables  are  recited  at  the  definite  rate  (however  slow)  at 
which  the  learner  is  required  to  recite  them.  In  fact,  "unhesi- 
tating" recitation  is  not  an  indispensable  feature  of  the  method. 
The  essential  points  are  rather  (a)  that  the  series  should  be  ^^ 
peated  from  beginning  to  end  until  the  learner  can  recite  the 
members  in  order,  without  mistakes  and  within  a  reasonable 
time,  and  {b)  that  when  he  has  once  made  a  mistake  or  aban- 
doned the  attempt  to  recite,  the  rest  of  the  series  should  be  i«" 
sented  to  him  without  break.  Prompting  is  foreign  to  the 
method  of  complete  memorizing  proper. 

II.  In  our  own  experiments  presentation  was  aural.  The  im- 
portant details  as  to  rate  are  as  follows:  (a)  In  presentation, 
the  experimenter  read  the  series  (from  the  pages  of  her  note 
book)  in  time  with  the  beats  of  a  metronome.     (&)  The  rate  of 
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recitation  was  in  some  of  the  experiments  restricted  and  in  others 
unrestricted.  When  the  rate  was  unrestricted,  the  subject  was 
allowed  to  recite  the  series  at  any  rate  she  pleased,  provided  that 
she  named  the  syllables  correctly  and  in  order.  The  total  time 
occupied  in  the  final  recitation  was  taken  with  a  stop-watch. 
(See  p.  120  below.)  (c)  When  the  rate  of  recitation  was  re- 
stricted, it  was  the  same  for  every  series  as  the  rate  of  presenta- 
tion for  that  series.  The  subject  was  required  to  name  the 
syllables  upon  certain  beats  of  the  metronome,  (d)  Altogether 
five  different  presentation  rates  were  used.  These  rates  may  be 
called  very  slow,  slow,  moderately  slow,  fast  and  very  fast. 
When  the  very  slow,  slow,  moderately  slow,  and  fast  rates 
were  used,  the  metronome  was  set  at  sixty,  and  the  syllables  were 
named  respectively  upon  every  fourth,  every  third,  every  second 
and  each  successive  beat.  When  the  very  fast  rate  was  used,  the 
metronome  was  set  at  seventy-five  and  the  syllables  were  named 
one  to  a  beat.  When  the  recitation  rate  was  restricted,  the  syl- 
lables, as  already  implied,  were  recited  as  well  as  presented  at 
four-jsecond,  three-second,  two-second,  one-second  and  four- 
fifths-of-a-second  intervals.  For  the  sake  of  brevity,  the  fol- 
lowing symbols  will  often  be  used:  VSP  and  VSR  for  very 
slow  presentation  and  recitation;  SP  and  SR  for  slow;  MSP  and 
MSR  for  moderately  slow;  FP  and  PR  for  fast;  and  VFP  and 
VFR  for  very  fast  presentation  and  recitation.  UR  will  be  used 
for  recitation  at  an  unrestricted  rate,  (e)  Whatever  the  rate  of 
repetition  might  be,  the  following  rules  were  followed :  ( i )  At 
the  beginning  of  work  with  each  series,  the  experimenter  said 
"Now"  upon  a  given  metronome  beat  and  named  the  first  syllable 
on  the  next  beat  but  one.  (2)  At  the  end  of  any  presentation, 
after  naming  the  last  syllable,  she  allowed  one  beat  to  pass  and 
on  the  next  beat  said  "Now."  On  the  next  beat  but  one  after 
this  signal,  if  the  recitation  rate  was  restricted,  the  subject  was 
expected  to  name  the  first  syllable  and  if  she  failed,  the  experi- 
menter named  it  on  the  next  beat  after  and  then  presented  all 
the  rest  of  the  syllables  at  the  proper  intervals.  (3)  If,  in  any 
attempt  at  recitation,  the  subject  made  a  mistake  or  failed  to 
name  a  syllable  on  the  proper  beat  or  if,  in  the  case  of  "unre- 
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strictcd  recitation,"  she  said  "I  don't  know,"  then  the  experi- 
menter took  up  on  the  next  beat  the  presentation  of  the  rest  of 
the  series. 

In  all  experiments  made  by  the  method  of  complete  memoriz- 
ing in  this  laboratory,  the  records  have  been  kept  in  the  follow- 
ing way :  The  series  is  written  in  a  column  at  the  extreme  left 
of  the  page.  A  dot  or  cross  is  put  to  the  right  of  each  syllable 
as  the  subject  names  it  correctly.  A  dash  or  "check"  is  put  op- 
posite the  first  syllable  which  the  subject  fails  to  name — ^  dash 
if  no  syllable  is  named  and  a  check  if  the  syllable  given  is  wrong. 
The  experimenter  always  b^ins  with  the  next  repetition  a  new 
and  parallel  column  to  the  right.  The  number  and  character  of 
the  repetitions  can  thus  be  seen  almost  at  a  glance.  In  counting 
the  number  of  repetitions,  the  first  presentation  is  always 
excluded. 

III.  The  tenacity  or  firmness  of  the  associations  formed  in 
learning  series  at  different  repetition  rates  was  gauged  by  the 
number  of  repetitions  necessary  for  releaming.  In  interpreting 
this  general  statement,  it  is  necessary  to  give  certain  details  in 
regard  to  the  intervals  which  elapsed  before  releaming  and  to 
note  the  two  procedures  which  were  used  in  measuring  tenacity 
by  the  number  of  repetitions  necessary. 

a.  Throughout  the  experiments,  except  in  the  case  of  the 
supplementary  sets,  the  series  were,  as  a  rule,  releamed  two 
weeks  from  the  day  and  approximately  from  the  hour  at  which 
they  were  learned,  each  sitting  being  given  entirely  to  learning 
new  series  or  to  releaming  old  ones.  If,  for  example,  series  were 
learned  on  a  given  Tuesday,  the  work  banning  at  2 130  p.  m.,  the 
same  series  were  releamed  in  the  same  order  on  the  next  Tuesday 
but  one,  the  work  beginning  at  the  same  hour.  If  the  siibjcct 
served  twice  a  week,  she  had  in  the  mean  time  leamed  about  three 
times  as  many  other  series,  one  set,  say,  on  the  Friday  of  the  first 
week,  and  two  more  sets  on  the  Tuesday  and  Friday  of  the  sec- 
ond week.  Even  if  she  worked  only  once  a  week,  she  had 
leamed  or  releamed  at  least  one  other  set  of  series  between  the 
leaming  and  the  releaming  of  any  given  set.    It  is  important  to 
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note  this  fact  for  it  is  evident  that  the  associations,  whose  firm- 
ness was  tested,  were  weakened  not  merely  by  lapse  of  time  but 
also  by  retroactive  inhibition  (riickwirkende  Hemmung).  This 
circumstance  was  a  most  undesirable  complication  but  could  not 
be  avoided,  if  a  reasonable  time  were  to  be  allowed  for  the  sub- 
ject to  forget  the  series  learned  and  if  a  reasonable  number  of 
results  were  to  be  secured.  As  a  matter  of  fact,  the  chief  sub- 
ject G.  can  remember  a  few  series  of  nonsense  syllables  (without 
private  review)  pretty  well  for  two  weeks  if  no  other  series  have 
been  learned  in  the  mean  time,  not  well  enough  for  perfect  reci- 
tation without  any  fresh  presentation  but  quite  well  enough  for 
a  perfect  recitation  after  a  single  presentation.  In  a  few  in- 
stances, series  were  releamed  three  weeks  from  the  time  they 
were  learned.  This  longer  interval,  which  occurred  only  when 
entailed  by  inconvenient  college  holidays,  was,  of  course,  made 
to  affect  alike  all  sets  of  series  which  were  brought  into  com- 
parison. In  the  supplementary  experiments  in  which  the  sub- 
jects were  almost  altogether  untrained,  the  forgetting  interval 
was  one  week,  each  subject  serving  three  or  four  times  a  week. 

Both  in  learning  and  in  releaming,  a  compensating  program, 
designed  to  equalize  the  effects  of  practice  and  fatigue  for  the 
different  repetition  rates,  was  carried  out  from  week  to  week 
and  as  far  as  possible  at  each  sitting. 

b.  If  we  take  the  number  of  repetitions  necessary  for  releam- 
ing as  the  gauge  of  the  firmness  of  the  associations  formed  in 
learning  series  at  different  repetition  rates,  we  yet  may  proceed 
in  two  different  ways.  ( i )  The  series  may  all  be  releamed  at 
the  same  rate  at  which  they  were  learned.  This  procedure  has 
the  advantage  of  making  it  possible  to  measure  in  terms  of  the 
percentage  of  the  original  number  of  repetitions  which  is  saved 
in  releaming.  The  method,  however,  has  serious  disadvantages. 
If  in  experiments  of  this  type  the  recitation  rate  is  restricted, 
and  especially  if  a  rapid  rate  be  prescribed,  the  subject  is  likely 
to  break  down  in  a  certain  number  of  recitations  simply  from 
fright.  Thus  to  the  repetitions,  really  necessary  for  memoriz- 
ing, a  certain  fright-increment  is  added;  and  this  increment, 
which  is  likely  to  be  quite  as  large  in  releaming  as  in  learning. 
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obscures  the  saving  in  repetitions.  Let  us  suppose  that  the  sub- 
ject, if  emotionally  cahn»  could  learn  the  series  with  ten  repeti- 
tions and  releam  it  with  six.  Suppose  now  that  two  extra  rqK- 
titions  are  entailed  in  each  case  by  stage-fright  This  at  once 
changes  the  proportion  6:io  to  8:12  and  the  percentage  of 
saving  from  40  to  33.  If  on  the  other  hand,  the  rate  of  reac- 
tion is  unrestricted,  even  the  best  of  subjects  is  likely  to  take 
advantage  of  this  fact  and  to  allow  his  attention  to  sladcen. 
This  sagging  of  attention  differs  at  different  sittings  and  at  dif- 
ferent moments  in  the  same  experimental  period.  The  question 
of  recitation  rate  is  a  puzzling  matter  in  experiments  of  the  type 
under  discussion.  We  shall  encounter  it  again.  Another  certain 
objection  to  this  first  method  of  gauging  tenacity  will  appear  is 
the  discussion  of  results.  (2)  The  series  learned  at  difierent 
rates  may  be  releamed  all  at  the  same  rate.  In  this  case,  some 
of  them  may  be  releamed  at  the  same  rate  at  which  they  were 
learned  but  some  can  not.  It  will,  therefore,  be  impossibk  to 
measure  tenacity  by  the  percentage  of  repetitions  saved  but  it 
will  be  possible  to  compare  the  numbers  of  repetitions  necessary 
for  releaming  with  one  another  as  they  stand.  This  method  has 
no  more  serious  objection  than  the  fact  that  it  multiplies  the  sets 
of  experiments  which  ft  is  proper  to  make — ^since  all  the  rate 
used  in  learning  should,  theoretically,  be  used  in  releaming- 
and  thus  reduces  the  number  of  series  which  it  is  possible  to 
have  in  each  set. 

The  experiments  fall  into  three  main  groups,  beside  a  few  sup- 
plementary experiments  which  were  made  on  untrained  subjccb 
and  need  not  be  taken  very  seriously.  The  first  and  third  main 
groups  were  made  by  the  first  method  of  procedure;  the  second 
group  by  a  combination  of  the  two.  Our  reason  for  returning 
in  the  third  group  to  the  first  procedure  was  simply  that  we  had 
obtained  by  it  fairly  definite  results  which  we  desired  to  test 
The  various  combinations  of  rates  in  learning  and  releaming 
are  shown  in  the  following  scheme,  in  which  the  abbreviations 
Mem.  I  and  Mem.  2  stand  for  the  first  and  second  memofisings, 
and  the  letters  P,  R  and  U  respectively  for  presentation,  recitatioi^ 
and  unrestricted. 
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Intervals  in  Seconds 

Group  I                                   Group  II  Group  III 
Subgroup  i              Subgroup  2 

Mem,  I    Mem.  2       Mem,i     Mem.  2     Mem.i     Mem.  2  Mem.i     Mem.  2 

P.  R.      P.    R.        P.    R.      P.    R.        P.    R.    P.    R.  P.    R.      P.    R. 

4U4U         4U4U         4444  3333 

lUiU          1U4U          II        44  2      2        2      2 

4U1U         44        II  II        II 

I      U        I      U         II        II  o^  o^     0.8  0.8 

A  glance  at  the  scheme  will  show  that  in  Group  II,  two  rates 
were  used  in  the  learning  and  releaming  in  all  possible  combina- 
tions, making  four  sets  of  experiments  in  all.  Comparing  two 
of  these  sets  with  each  other,  viz.,  the  slow-slow  set  with  the 
fast-fast,  one  can  measure  retention  by  the  first  procedure.  On 
the  other  hand,  if  one  compares  the  slow-slow  set  with  the  fast- 
slow  and  the  slow-fast  set  with  the  fast-fast,  one  can  measure 
by  the  second  procedure.  The  four  different  rate  combinations 
were  used  pari  passu  according  to  a  compensating  program,  and, 
hence,' — i.e.,  because  the  experiments  with  the  slow-slow  and 
fast-slow  rates  were  not  separated  from  the  experiments  with 
the  slow-fast  and  fast-fast  rates — it  may  be  said  that  in  this 
group  the  two  procedures  were  combined.  Unfortunately,  the 
number  of  experiments  in  each  set  of  this  group  is  almost 
negligibly  small. 

Subjects  and  Experimenters 

The  details  in  regard  to  the  personnel  and  dates  of  the  experi- 
ments are  outlined  in  the  following  scheme,  in  which  a  "period" 
means  an  experimental  sitting  of  forty-five  minutes. 

Group  I,  1910-1911,  first  semester.    Subject,  E.  A.  McC.  Gam- 
ble— G.    Two  periods  a  week.    Experimenters,  Helen  Forney 
— ^F. — ^and  Florence  Kunkel — K. 
Group  II 

Subgroup  I,  1910-1911,  second  semester  before  Easter  vaca- 
tion.    Subjects,  G.,  F.  and  K.,  each  two  periods  a  week. 
Experimenters,  G.,  F.  and  K. 
Subgroup  2,  1910-1911,  second  semester  after  Easter.     Sub- 
ject and  experimenters  as  in  Group  I. 
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Group  III,  1911-1912.  Subjects,  G.,  two  periods  a  week,  and 
Josephine  Curtis — C. — and  Ethel  Caution-Davis — ^D.,  each  one 
period  a  wedc.    Experimenter,  Agnes  Rockwell 

Supplementary  experiments,  1910-1911,  spring  term.  Subjects, 
eleven  students  in  a  first  year,  course  in  psychology,  who  will 
be  designated  as  B^^inners  or  B.  i,  2,  3  and  so  cm.  About 
eight  periods  each,  three  or  four  a  week,  enough  periods  to 
learn  about  ten  series  each  under  each  set  of  conditions.  Ex- 
perimenters, eleven  other  students  from  the  same  dass,  who 
had  been  laboratory  partners  of  the  several  subjects  through- 
out the  year. 

In  the  experiments  made  by  G.,  F.  and  K.  (Groups  I  and  II), 
the  work  was  done  by  two  experimenters  at  a  time,  the  one 
presenting  the  series  and  keeping  the  recitation  record  and  the 
other  taking  the  total  learning  time  with  one  stop-watch  and  the 
recitation  times  with  another.  In  Group  II,  subgroup  i,  G.,  F, 
and  K.  served  as  subjects  by  turns,  the  other  two  persons  acting 
as  experimenters.  (Each  combination  of  experimenters  was,  of 
course,  obliged  to  have  ready  a  separate  set  of  nonsense  syllable 
series.)  Miss  Rockwell  and  the  several  beginners  worked  single- 
handed. 

Of  the  various  subjects  and  experimenters  who  took  part  in 
the  main  groups  of  experiments,  F.,  K.  and  D.  were  seniors, 
pursuing  a  second  full-year  course  in  experimental  psychology; 
C.  was  a  second-year  graduate  student  and  assistant  in  the  lab- 
oratory; and  G.  is  the  writer.  The  methods  of  memorizing 
peculiar  to  the  individual  subjects  will  be  discussed  in  the  sec- 
tion on  results.  Here  it  is  sufficient  to  point  out  that  all  five 
subjects  had  had  experience  in  making  out  the  ^'normal"  series 
of  nonsense  syllables  and  that  all  (for  better  or  worse)  knew 
something  of  the  question  at  issue.  All  the  five  knew  from  the 
outset  that  the  series  were  to  be  releamed.  As  a  matter  of  fact, 
F.  and  K.  served  more  extensively  as  experimenters  than  as  sub- 
jects ;  C.  was  engaged  in  making  the  experiments  reported  in  the 
following  paper  during  the  very  months  when  she  was  serving 
as  subject  in  this  work;  and  D,  was  assisting  C.     (In  this  con- 
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nection  it  may  be  remarked  that  Miss  Rockwell,  who  in  these 
experiments  served  as  an  experimenter,  is  the  subject  R.  of  the 
"fatigue  work."     (See  p.  158  below.) 

G.  is  the  much-enduring  subject  G.  of  the  reconstruction  ex- 
periments, of  the  experiments  by  the  method  of  complete  memo- 
rizing which  supplemented  them,  and  of  the  preceding  study  in 
place  associations.  It  is  unfortunate  that  G.  has  been  for  so 
many  years  the  only  subject  in  our  laboratory  available  for  long 
series  of  memory  experiments.  The  results,  to  be  sure,  have  not 
always  realized  the  expectation  of  this  too-well-informed  and  too- 
much-interested  subject  The  objection  to  G.'s  long  continued 
service  lies  rather  in  the  fact  that  the  results  obtained  have  only 
a  somewhat  "individual"  value.  G.  has  had  from  infancy  a 
facility  in  verboHm  memorizing  exceeding  at  each  stage  the 
average  facility  of  persons  of  the  same  age  and  d^ree  of  edu- 
cation, she  has  attained  a  very  high  level  of  practice,  and  she 
has  also  certain  peculiarities  of  imagery  and  method  which  will 
be  discussed  in  connection  with  the  actual  results  of  these 
experiments. 

The  subjects  B.  i  to  B.  11,  who  served  in  the  supplementary 
experiments,  were  juniors  and  sophomores.  They  did  not  know 
when  the  series  were  first  learned  that  they  were  ever  to  be  re- 
learned,  nor  were  they  familiar  with  nonsense  syllables  of  any 
sort.  The  equally  inexperienced  experimenters  did  not  make 
out  the  syllable  series  for  themselves  and  were,  of  course,  more 
or  less  prone  to  mispronounce  them.  All  used  the  same  care- 
fully prepared  series. 

Residts 

The  interpretation  of  the  numerical  results  depends  so  much 
upon  the  subject's  individual  method  of  memorizing  that  the 
discussion  of  the  introspective  data  cannot  well  be  reserved  for 
a  separate  section  but  will  be  merged  with  the  discussion  of  the 
figures.  Point  by  point,  the  numerical  data  will  be  followed  by 
the  introspective. 

Group  /.  All  series  releamed  ca  the  same  rates  at  which  they 
were  learned.    Two  rates  of  presentation,  very  slow — VSP,  with 
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four-second  imiervals,  and  fast—FP,  with  one-second  intervals 
betxveen  the  syllables.  Recitation  rate  unrestricted.  Subject,  G. 
Length  of  series,  twenty- four  syllables. 

The  numerical  results  may  be  schematized  as  follows: 


Series 

Leammg 

Releammg  ' 

Savwg  w 

Type       N 

W     MV     LT 

RT 

fV    MV    LT 

RT 

W       LT 

Sect. 

s^. 

SfCM 

Sec*. 

ySP'i'R    j8 

3^     017      248 

$ 

2^       04        165 

34 

33%     33% 

FP'UR    38 

7.0      M      314 

5.9        1.0       240 

33 

10        24 

In  this  scheme  and  in  those  which  follow,  the  letters  N,  W, 
LT  and  RT  are  used  respectively  for  number  of  series  in  the  set, 
for  average  number  of  repetitions  necessary  for  complete  memo- 
rising {Wiederholungen)^  for  average  learning  time  and  for 
average  final  recitation  time.  The  first  line  of  the  scheme  may 
be  translated  into  words  as  follows:  The  subject  learned  and 
releamed  38  series  at  the  very  slow  presentation  rate  ( VSP)  and 
recited  them  at  an  unrestricted  rate  (UR).  She  learned  these 
series  with  an  average  of  3.3  repetitions  and  a  mean  variati(Mi  of 
0.7  from  this  average,  and  in  an  average  time  of  248  seconds; 
and  she  made  her  final  recitation  on  the  average  in  33  seconds. 
In  releaming,  the  average  number  of  repetitions  was  2.2;  the 
mean  variation,  0.4;  the  average  learning  time,  165  seconds; 
and  the  average  recitation  time,  34  seconds.  Thus,  in  releaming, 
I.I  repetitions  and  83  seconds  were  saved  on  the  average  and 
these  savii^  are  33  per  cent  respectively  of  3.3  repetitions  and 
248  seconds.  The  fact  has  been  already  noted  that  in  counting 
repetitions  we  have  been  accustomed  to  exclude  the  first  presen- 
tation. The  learning  time  was  reckoned  with  a  stop-watch  from 
the  Now  which  followed  the  first  presentation  to  the  moment 
when  the  subject  pronounced  the  last  syllable  in  her  perfect  reci- 
tation. Thus,  LT  includes  the  four-second  intervals  between 
repetitions  and  the  two-second  interval  after  the  first  Now. 
(See  p.  113.)  In  taking  the  recitation  times,  another  stc^watch 
was  started  on  the  Now  which  preceded  each  attempt  at  recita- 
tion. The  values  of  RT  are  pretty  exact;  the  values  of  LT  arc 
merely  "gross"  since  the  first  watch  was  not  stopped  for  inter- 
ruptions of  a  few  seconds'  duration. 

The  figures  in  the  scheme  show  the  following  facts : 
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1.  Whatever  the  rate  at  which  the  series  were  presented,  they 
were  finally  recited  both  in  learning  and  in  releaming  in  about 
the  same  time.  RT  varies  only  from  33  sees,  to  38  sees,  and  this 
value  approximates  to  the  time  necessary  for  reciting  an  FP 
(fast  presented)  series  if  recited  at  the  same  rate  as  presented, 
namely,  25  sees.  If  a  VSP  series  of  24  members  was  recited 
at  the  same  rate  as  presented,  the  time  occupied  would  be  94 
sees.  (23  four-second  intervals  plus  one  two-second  interval). 
From  this  uniform  and  moderately  short  RT,  we  may  draw  three 
conclusions :  First,  the  subject  preferred  to  recite  the  VSP  series 
much  faster  than  they  were  presented,  evidently  finding  very 
slow  recitation  unprofitable  and  wearisome.  Second,  she  could 
not  have  made  her  final  recitation  of  the  FP  series  in  virtue  of 
perseveration.  Not  only  is  the  value  of  RT  for  the  FP  series  too 
great  in  itself  for  perseveration-recitation,  but  it  is  even  rather 
greater  in  the  first  learning  than  RT  for  the  VSP  series.  Third, 
the  subject  had  mastered  the  VSP  and  the  FP  series  about  equally 
well  when  she  finally  recited  them.  It  is  important  to  note  before 
comparing  the  firmness  of  the  associations  in  the  two  cases  that 
we  have  to  do  with  sets  which  were  equally  strong  at  the  time 
of  formation. 

2.  The  VSP  series  were  learned  with  a  smaller  W  (average 
nimiber  of  repetitions)  and  a  smaller  LT  (average  total  learning 
time)  than  the  FP  series.  The  fact  that  the  more  slowly  pre- 
sented series  were  learned  in  the  shorter  time  is  only  seemingly 
at  variance  with  the  ordinary  finding  (see  p.  105  above)  and  is 
due  to  the  unrestricted  rate  of  recitation.  The  ratio  of  the  times 
occupied  in  presenting  the  VSP  and  FP  series  is,  roughly  speak- 
ing, four  to  one  (94  to  25).  The  ratio  of  the  Ws  is  a  little  less 
than  one  to  two  (3.3  to  7.0),  for  the  learning  and  a  little  more 
than  one  to  three  for  the  releaming.  If,  therefore,  the  series  had 
been  recited  at  the  presentation  rate,  LT  would  have  been  con- 
siderably longer  for  the  VSP  series.  The  series  were,  however, 
all  recited  at  approximately  the  same  rate  and  thus  the  case  is 
reversed.  The  ratio  of  LT  for  the  VSP  series  to  LT  for  the 
FP  series  is  a  little  less  than  five  to  six  (248  to  314)  for  the 
learning  and  a  little  more  than  two  to  three  for  the  releaming. 
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It  is,  therefore,  perfectly  clear  that  it  was  more  economical,  both 
as  regards  time  and  number  of  repetitions,  for  the  subject  to 
learn  and  releam  series  at  the  very  slow  than  at  the  rather  fast 
rate  of  presentation.  It  is  also  evident  that  if  the  VSP  series 
are  remembered  better  than  the  FP,  this  cannot  be  due  to  the 
fact  that  the  total  learning  time  was  longer  for  the  former. 

3.  If  tenacity  is  to  be  gauged  by  the  fractions  of  the  original 
work  which  are  saved  in  releaming,  then  the  VSP  series  were 
indeed  remembered  much  better  than  the  FP.  The  saving  in  W 
is  for  the  VSP  series  1/3 ;  for  the  FP  series,  a  little  less  than 
1/6.  The  savings  in  LT  are  respectively  1/3  and  a  little  less 
than  1/4.  The  fact  that  for  the  FP  series  the  saving  in  LT  is 
greater  than  the  saving  in  W  is  probably  due  to  the  fact  that  in 
the  first  learning  some  of  the  series  were  very  haltingly  recited, 
thus  making  the  first  LT  disproportionately  long. 

4.  MV  (the  mean  variation  from  the  average  number  of 
repetitions)  is  noticeably  smaller  for  the  VSP  series  than  for  the 
FP.  The  uniform  and  very  small  numbers  of  repetitions  in  the 
case  of  the  VSP  series  hints  at  a  fact  brought  out  by  introspec- 
tion, namely,  that  the  subject  used  a  technique  in  learning  them 
which  she  was  unable  to  make  so  useful  in  the  case  of  the  FP 
series. 

Putting  all  these  facts  together,  we  may  conclude  (i)  that  the 
FP  series  were  remembered  much  more  poorly  than  the  VSP, 
but  (2)  that  this  fact  is  due  not  to  the  role  flayed  by  persevera- 
tion in  the  recitation  of  the  FP  series  but  to  some  positive  ad- 
vantage possessed  by  the  VSP  series. 

The  introspective  statements  recorded  in  connection  with  this 
particular  group  of  experiments  are  scanty  but  are  sufficient  to 
show  that  the  subject  did  not  depart  from  her  usual  procedure 
in  memorizing,  which  must  be  outlined  here.  As  a  mcmorizer, 
G.  has  two  peculiarities.  In  the  first  place,  she  is  a  marked,  in- 
deed rather  an  extreme,  case  of  colored  hearing — to  the  best  of 
her  belief  congenital  and  inherited.  In  the  second  place,  she 
habitually  localizes  the  material  memorized  by  a  sort  of  pro- 
jection of  images  (spots  of  color)  either  in  external  space  or  in 
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the  internal  field  of  vision.  This  habit  has  been  much  developed, 
if  not  acquired,  by  practice.  In  the  original  series  of  reconstruc- 
tion experiments,  localization  became  decidedly  external  but  dur- 
ing the  experiments  here  reported,  the  subject  reverted  to  localiz- 
ing in  the  internal  field,  when  learning  by  the  method  of  com- 
plete memorizing  although  she  still  projected  the  series  upon  the 
table  during  certain  reconstruction  experiments  which  were  in 
prc^ess,  at  the  same  time.  During  the  experiments  reported  in 
the  last  paper,  which  were  made  a  year  or  two  earlier  than  these 
present  experiments,  the  subject  already  showed  a  paramount 
inclination  to  internal  localization  although  the  conditions  were 
designed  to  foster  external  projection.  (See  p.  83  above.) 
The  subject's  schemes  of  localization  are  plastic,  sometimes 
change  without  volition  on  her  part,  and  can  be  altered  pretty 
readily  at  will,  whereas  the  color  of  letters  and  combinations  ofi 
letters  (strictly  speaking,  of  their  sounds)  has  been  fixed  for  all 
time  within  her  recollection  and  has  been  transferred  from  one 
language  to  another.  (During  the  third  group  of  these  experi- 
ments, she  deliberately  ceased  to  think  of  a  series  of  twelve  syl- 
lables as  arranged  in  a  horizontal  line  from  left  to  right  and 
chose  to  think  of  it  as  arranged  in  three  vertical  columns  of 
four  syllables  each.  On  the  other  hand,  she  could  no  more  make 
the  green  word  unity  red  or  blue  than  she  could  change  the  color 
of  the  grass  on  the  campus.)  She  has,  however,  beside  all  this 
kaleidoscopic  imagery,  a  full  outfit  of  auditory-kinaesthetic 
images.  These  images  serve  to  differentiate  syllables  which  are 
the  same  in  color,  for  although  the  syllable  images  are  often 
particolored  and  sometimes  show  traces  of  black  letters  upon  the 
colored  ground,  yet  the  subject  has  no  well-formed  images  of 
letters  or  even  of  the  shape  of  words  as  determined  by  their 
spelling.  (A  word  is  visualized  simply  as  an  oblong,  ill-defined 
blotch  of  color,  more  or  less  long.)  Thus,  this  subject  presents 
in  a  marked  degree  many  peculiarities  of  the  visualizing  learner 
and  yet  does  not  belong  by  any  means  to  the  pure  type  nor  even 
to  any  normal  mixed  type.  It  may  be  added  that,  in  anticipating 
a  syllable,  in  recitation,  its  color  is  usually  most  steadily  focused 
by  attention.    If  the  syllable  is  still  "far  off"  and  the  recitation 
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rate  is  slow,  the  auditory-kinaesthetic  image  may  be  dear,  but 
if  the  time  for  anticipation  is  brief,  the  color  touches  oS  the 
actual  saying  of  the  syllable  without  the  noticeable  presence  of 
even  the  most  fragmentary  internal  speech.  In  the  rapid  recita- 
tion of  a  well-mastered  series,  many  syllables  are  not  anticipated 
at  all  but  their  colors  appear  as  they  are  uttered.^^ 

In  all  experiments  in  which  G.  has  had  to  learn  series  pre- 
sented at  different  rates,  she  has  greatly  preferred  the  more 
slowly  presented  series  because  the  intervals  allowed  her  time 
"to  sort  and  group  the  syllables  and  get  them  into  their  jdaces." 
By  sorting  is  meant  the  clear  perception  and  comparison  of  the 
elements  of  the  syllables  and  by  getting  them  into  their  places 
is  meant  visualization  of  the  color  spots  in  pretty  definite  posi- 
tions in  the  external  or  internal  field  of  vision  and  in  very  defi- 
nite spatial  relations  to  one  another. 

The  forgoing  description  of  G/s  method  applies  to  all  the 
groups  of  experiments  reported  in  this  paper  and  in  that  which 
follows.  The  records  taken  in  connection  with  the  group  of  ex- 
periments now  in  question  show  that  G.  followed  her  customary 
procedure,  that  she  had  nothing  new  to  report  as  to  imagery,  and 
that  she  visualized  the  color  spots  as  grouped  by  fours  in  a 

^  On  the  imagery  and  learning  methods  of  this  subject,  see  Memorvtmg  by 
the  Reconstruction  Method,  pp.  105  f .,  ri5  f .,  and  184  f.  See  also  p.  82  f.  of 
these  studies.  This  subject  had  also  the  honor  of  serving  for  Professor 
G.  E.  Mtiller  and  is  described  in  his  Analyse  der  Gedachtnistatigkeit  und  dis 
VersteUungsverlaufes,  Zettscfarift  f.  Psych,  und  Physiol,  der  Sinnesorgane, 
Erganzungsband  8  (1913),  pp.  184  f. 

One  or  two  additional  points  in  regard  to  G.  should  be  noted  here.  In 
the  last  few  years  (since  1910),  her  eyesight  has  become  so  poor  that  series 
of  words  or  syllables  can  be  presented  to  her  only  aurally  if  her  learning 
time  is  to  be  closely  compared  with  that  of  other  subjects.  Thus,  aural 
presentation  has  been  entailed  upon  whole  groups  of  observers.  Before  1910 
she  did  not  greatly  prefer  either  aural  or  visusd  presentation.  This  fact  is 
in  itself  an  evidence  of  the  plasticity  of  her  localization  schemes.  She  could 
with  almost  equal  readiness  visualize  syllables  according  to  any  spatial  pattern 
in  which  they  might  be  presented  or  invent  a  scheme  for  herself.  She  has 
never  been  able,  however,  to  image  many  color  spots  at  once,  even  as  ar- 
ranged in  a  scheme  so  simi4e  as  one  long  line.  The  spots  simply  emerge 
here  and  there  in  definite  spatial  relations  to  one  another,  somewhat  as  ob- 
jects come  out  in  a  garden  at  night  when  a  spot-light  is  turned  from  one  to 
another. 
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horizontal  line  running  from  left  to  right,  and  had  to  make 
special  effort  to  clinch  the  last  member  of  one  group  to  the  first 
of  the  next  They  also  show  these  two  important  points,  first, 
that  although  G.  preferred  the  VSP  series,  she  used  precisely  the 
same  method  of  grouping  and  localizing  in  both  sets  of  series, 
and  second,  that  she  used  no  more  mnemonic  devices  in  the  slow 
series  than  in  the  fast.  They  were  "easier  to  make  but  less 
needed"  in  the  slow  series.^*  The  fact  that  the  recitation  rate 
was  unrestricted  heightened  G.'s  preference  for  the  VSP  series, 
since  it  was  not  necessary  to  linger  over  the  presentation  of  these 
series  just  because  they  were  slowly  presented. 

If  now  we  bring  the  introspective  results  to  bear  on  the  nu- 
merical, we  find  the  small  numbers  of  repetitions  and  small  vari- 
ations, in  the  learning  and  releaming  of  the  VSP  series,  fully  ex- 
plained. The  subject  learned  the  VSP  series  more  readily  than 
the  FP  because  she  could  more  easily  carry  out  her  grouping  and 
localizing  procedure.  We  do  not,  however,  as  yet  find  an  ex- 
planation for  the  fact  that  the  saving  in  time  and  repetitions  was 
greater  in  the  relearning  of  the  VSP  series.  The  two  sets  of 
series  were  mastered  about  equally  well  at  the  end  of  the  first 
learning — ^the  VSP  series  perhaps  a  little  better,  judging  from 
the  average  recitation  times, — ^but  the  VSP  series,  originally 
learned  more  readily,  were  releamed  more  readily  in  a  dispro- 
portionate degree.  The  old  groupings  of  syllables,  formed  with 
less  pains,  came  back  with  much  less  pains,  when  the  series  were 
again  presented.  Unless  the  difference  in  firmness  of  associa- 
tions is  to  be  accounted  for  entirely  by  the  rather  shorter  recita- 
tion time  of  the  VSP  series  at  the  end  of  the  first  learning,  then 

^By  mnemonic  devices  or  auxiliary  associations  are  meant  throughout 
these  papers  not  place  associations  but  a  much  more  artificial  class  of  ex- 
trinsic associations.  Some  of  these  devices  are  easier  to  make  in  the  case 
of  the  more  slowly  presented  series.  An  instance  of  this  kind  is  the  con- 
nection of  the  syllables  jiv,  lame,  tene,  mite,  by  the  notion  (partly  pictorial 
rather  than  verbal)  of  Jove's  kicking  Vulcan  out  of  Heaven  and  making  him 
hme  a  tiny  (teeny)  mite.  Other  artificial  connections  are  easier  to  make, 
or  rather  make  themselves,  when  series  are  read  fast  enough  to  blend  into 
pseudo-words  or  sentences.  An  instance  would  be  the  blending  of  vesh, 
hag  into  vicious.  For  the  division  of  auxiliary  associations  into  AssosioHons* 
hilfen  and  Aufmerksamkeitshilfen,  see  Ephrussi,  op.  cit.,  p.  77. 
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the  VSP  series  have  a  superiority  in  the  matter  of  firmness  which 
calls  for  explanation.  We  shall,  however,  make  no  attempt  to 
explain  it  mitil  we  see  whether  or  not  the  findings  of  these  ex- 
periments are  confirmed  by  others. 

Supplementary  Experiments. — Some  very  brief  series  of  ex- 
periments made  upon  the  subjects  B.  i,  B.  2  and  B.  3  may  be 
r^arded  as  supplementary  to  the  first  main  group.  The  results 
would  scarcely  be  worth  reporting  if  they  did  not  illustrate  cer- 
tain possibilities  in  experiments  of  this  sort.  The  general  con- 
ditions under  which  these  experiments  were  made  are  stated  on 
page  118.  The  syllables  in  the  series  numbered  twelve. 
The  numerical  results  are  given  in  the  following  scheme : 
Series       Subject  Learning  Releaming  Saving « 

Type  N      W  MV  LT  RT      W  MV  LT  RT       W      LT 

Scrs.    5#c*.  Sees.     Sees. 

VSP-UR       B.I    10     7.5    2.5    28S    21        3.8    0.6    108    20       49%   <S3% 
FP'UR  9    12.8    1.2    365    20       7.1    0.8    148    19       45       ^ 

VSP-UR       Ba    10     5.5    1.6    264    24       5.3    1.0    127    21         4      52 
FP'UR  10    12.2    2.6    330    28       5.5    1.9    147    27       55       55 

VSP'UR       B.3    10     5.8    i^    246    23       4.6    1.2    177    22       21       28 
FP'UR  10     6.7    1.7    225    31       SA    1-5    199    18        19       12 

This  scheme  is  to  be  read  exactly  like  the  scheme  on  p.  120. 
(q.v.).  In  looking  at  the  figures  one  should  note  the  following 
points : 

1.  The  saving  in  Lr  and,  in  general,  the  saving  in  PF  is  rela- 
tively great  as  compared  with  the  figures  for  G.  This  fact  is 
easily  explained.  These  subjects  had  learned  only  these  twenty 
series  of  nonsense  syllables  in  the  whole  course  of  their  lives 
and  might  well  remember  some  of  them  for  a  week.  In  the  case 
of  B.  2  the  saving  in  W  is,  for  the  VSP  series,  n^ligible,  whereas 
the  saving  in  LT  is  great.  This  means  that  the  subject  recked 
these  series  much  faster  in  releaming  than  in  learning,  although 
the  final  recitation  times  are  not  very  different. 

2.  Like  G.  all  these  subjects  learned  the  VSP  series  with  the 
smaller  W  and,  with  one  exception  for  the  first  learning,  with 
the  smaller  LT.  For  them  also,  learning  with  very  slow  pre- 
sentation was  more  economical  than  learning  with  fast  presenta- 
tion, the  rate  of  recitation  being  unrestricted. 
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3.  As  might  be  expected  in  the  case  of  untrained  subjects  MV 
and  RT  are  much  more  variable  than  with  G.  The  variations  in 
MV  are  not  worth  discussing  but  under  RT  it  is  important  to 
note  that  B.  3  recited  the  FP  series  so  much  more  slowly  than 
the  VSP  at  the  end  of  the  first  learning  that  she  cannot  be  sup- 
posed to  have  mastered  the  former  as  well. 

4.  B.  I  and  B.  3  show  the  greater  saving  in  W  and  LT  in  the 
case  of  the  VSP  series  although  the  superiority  of  these  series  in 
this  respect  is  not  very  marked.  B.  2,  on  the  other  hand,  shows 
a  slightly  greater  saving  in  LT  and  a  vastly  greater  saving  in 
fT  in  the  case  of  the  FP  series. 

If  we  turn  to  the  introspection  records,  we  find  the  cause  of 
this  difference  between  the  subjects  not  far  to  seek.  B.  2  claimed 
that  she  learned  the  series  entirely  in  terms  of  auditory-kinaes- 
thetic  imagery  and  that  with  the  FP  series  she  was  "nervous 
and  bewildered."  A  glance  at  the  figures  shows  that  W  in  the 
first  learning  of  the  FP  series  was  in  her  case  very  great  as 
compared  with  the  first  W  for  the  VSP  series.  Evidently,  in  the 
first  learning,  she  had  difficulty  in  apprehending  syllables  rapidly 
presented,  whereas  in  the  second  learning,  these  same  syllables 
were  familiar  to  ear  and  tongue.  Thus  in  the  case  of  the  FP 
series,  the  saving  in  W  is  great  because  the  first  W  was  particu- 
larly large.  These  figures  illustrate  a  difficulty  in  gauging  tenacity 
of  associations  by  the  amount  of  work  saved  in  releaming. 
If  with  any  set  of  series  the  number  of  repetitions  required  for 
the  first  learning  is  accidentally  very  high,  then  the  saving  of 
work  in  releaming  is  apt  to  appear  large  even  though  the  series 
may  not  be  particularly  well  remembered.^*  If,  on  the  other 
hand,  the  first  quotum  of  work  is  accidentally  small,  then  the 
saving  in  releaming  cannot  in  the  nature  of  the  case  be  very 
great.  We  shall  later  encounter  this  difficulty  of  the  accidental 
first  value  of  W  in  its  second  form. 

B.  3  claimed  both  visual-verbal  and  auditory  imagery  and 

^  It  should  be  noted  that  tHe  relearnioig  of  each  series  is  done  at  a  higher 
level  of  practice  than  the  learning  of  that  same  series.  This  difference  of 
practice  levels  is  negligible  in  the  case  of  slowly  presented  series  but  with 
rapidly  presented  series  the  un familiarity  of  series  when  first  presented  and 
their  familiarity  when  releamed  constitute  a  serious  inequality  of  conditions. 
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rather  preferred  fast  presentation,  finding  the  VSP  series  te- 
dious. Since,  however,  she  actually  mastered  the  VSP  series 
better  in  the  first  learning,  it  is  not  surprising  that  in  their  case 
the  saving  of  work  in  rdeaming  was  the  greater.  B.  i  dis- 
claimed visual  imagery  but  adopted  the  expedient  of  naming 
her  fingers  with  the  syllaUes  and  was  better  able  to  use  this 
device  with  the  VSP  series.  All  three  subjects  grouped  the  syl- 
lables to  some  extent  but  B.  2  and  B.  3  do  not  seem  to  have 
projected  them  in  any  fashion.  So  far  as  these  experiments  go 
(which  is  certainly  not  very  far),  they  appear  to  be  roug^y  in 
line  with  the  showing  of  the  first  main  group. 

Group  II.  Four  sets  of  series:  (i)  series  learned  and  releamed 
at  the  very  slow  presentation  rate  (four-second  intenxds);  {2) 
series  learned  at  the  fast  rate  {one-second  intervals)  but  re- 
learned  at  the  very  slow  rate;  ( j)  series  learned  at  the  very  slov 
rate  but  releamed  at  the  fast  rate;  (4)  series  learned  and  re- 
teamed  at  the  fast  rate. 

Subgroup  I.  Recitation  rate  unrestricted.  Subjects:  G.,  F. 
and  K.  Series  length:  Twenty-four  syllables  for  G.  and  twelve 
for  F.  and  K. 

The  numerical  results  are  presented  in  this  scheme: 

SerUs         Type     Sub-  Learning  ReUammg 

Mem.  J       Mem,  2    ject  N      W     MV    LT     RT       W     MV     LT    RT 

S€cs.      Stcs.  Stea,     Sea. 

VSP-UR,  VSP-UR  G.    II  27  0.7  199  43  2^  04  185  79 

FP-UR.  VSP'UR  10  S.O  o»  216  39  1.9  04  138  51 

VSP'UR,     FP'UR  10  24  o^  188  34  5.1  0.9  219  38 

FP'UR,     FP-UR  II  5.0  0.5  220  38  4-5  0.9  I99  36 

VSP-UR.  VSP-UR  F.    12  4.5  1.0  201  14  3^  0.5  143  18 

.r^^'VJi'  V^^'U^  8  10.6  2.1  319  IS  34  0.5  125  19 

VSP^UR.    FP-UR  8  5.5  0.9  228  17  Iz  1.3  169  ?3 

FP^UR,     FP-UR  12  9^8  1.6  256  17  6.8  ij  i&  17 

cd'^d*     ^i'Vr^  '^     1t^      '-4      163      18       5.3      0.8      139     18 

FP^UR.     FP-UR  12     a3      2.1      240     25       64      1.0      iS    26 

This  scheme  is  to  be  interpreted  in  the  main  like  the  scheme 
on  page  120.  Under  the  heading  Series  Type,  the  abbreviations 
Mem.  I  and  Mem.  2  stand  for  the  first  and  the  second  memoriz- 
ings.    No  columns  have  been  made  to  indicate  the  fractions  of 
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work  saved  in  releaming  because  the  series  were  releamed  at  a 
different  rate  from  that  at  which  they  were  learned,  and,  there- 
fore, neither  the  numbers  of  repetitions  nor,  in  strictness,  the 
times  occupied  in  learning  and  relearning  are  comparable. 

The  interpretation  of  the  figures  is  such  a  baffling  problem 
and  the  number  of  series  in  each  set  is  so  small  that  the  writer 
is  tempted  to  throw  out  the  whole  mass  of  results  but  is  withheld 
from  doing  so  by  honesty  since  the  results  are  not  entirely  in 
accord  with  the  rather  neat  results  of  the  first  group  of  experi- 
ments. It  should  be  noted  that  the  results  obtained  from  F.  and 
K.,  even  though  the  number  of  series  is  rather  small,  are  more 
reliable  than  the  figures  obtained  from  the  beginners.  F.  and 
K.  had  already  served  as  subjects  in  experiments  which  might 
have  been  included  in  those  of  the  first  group  if  the  number  of 
series  had  been  sufficient  and  which  may,  as  they  stand,  be  re- 
garded as  practice  experiments  for  the  work  now  in  question. 
Aside  from  this  fact,  F.  and  K.  were  familiar  with  nonsense  syl- 
lables and  with  the  problem. 

I.  The  first  point  to  note  is  that  in  the  case  of  G.  there  is 
much  variation  in  RT  as  compared  with  RT  in  the  first  group  of 
experiments.  In  the  first  learning,  RT  for  the  VSP-VSP  series 
(series  very  slowly  presented  in  both  memorizings)  is  noticeably 
large,  whereas  in  releaming,  RT  for  the  FP-VSP  series  stands 
out  from  the  others  by  its  great  length,  51  sees,  as  against  39,  38 
and  36  sees.  This  variation  indicates  a  fact  set  down  in  the  intro- 
spective records,  namely,  that  in  recitation  G.'s  attention  fluctu- 
ated. This  wavering  of  G.'s  attention,  which  was,  so  to  speak, 
an  abuse  of  the  unrestricted  rate  of  recitation,  led  to  the  abandon- 
ment of  it  in  the  later  experiments.  It  is  probably  responsible 
for  the  puzzling  nature  of  the  figures  in  G.'s  case.  RT  is  more 
uniform  for  F.  and  for  K.,  to  whom  the  experiments  were  rela- 
tively novel,  and  is  much  shorter  for  F.  than  for  K.  It  is  to  be 
remembered  that  the  series  learned  by  F.  and  K.  were  only  half 
as  long  as  those  learned  by  G.  With  this  fact  in  mind,  one  can 
see  that  in  the  final  trial,  F.  and  G.  recited  at  about  the  same 
rate — Fi  a  trifle  the  faster — ^and  that  K.  recited  much  more 
slowly  than  either. 
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The  next  important  point  is  that  at  each  learning  very  slow 
presentation  was  more  economical  than  fast  as  regards  time 
and,  of  course,  as  r^;ards  number  of  repetitions.  Thus,  for  ex- 
ample, K.  learned  the  two  sets  of  VSP  series  in  189  sees,  and 
163  sees,  respectively  but  required  242  sees,  and  240  sees,  for  the 
two  FP  sets.  She  releamed  the  two  VSP  sets  in  131  sees,  and  145 
sees,  and  took  139  sees,  and  186  sees,  for  the  FP  sets.  Moreover 
if  w*e  add  together  the  times  spent  in  learning  and  in  releaming 
the  same  sets  of  series  (see  the  figures  in  the  two  columns 
headed  LT)  we  find  that  with  one  exception  (in  the  case  of  G.)> 
the  entire  time  spent  upon  the  VSP-VSP  series  is  less  than  the 
entire  time  spent  upon  the  FP-VSP  series  and  that,  with  no  ex- 
ception, the  entire  time  for  the  VSP-FP  series  is  less  than  the 
entire  time  for  the  FP-FP  series.  These  experiments,  then,  are 
in  entire  accord  with  those  of  Group  I  in  showing  that,  with  an 
unrestricted  rate  of  recitation,  presentation  at  four-second  inter- 
vals was  more  economical  than  presentation  at  one-second 
inter\'als. 

Nevertheless,  in  spite  of  the  agreement  between  the  two  groups, 
we  find  the  second  group  diverging  from  the  first  when  we  come 
to  the  question  of  percentages  of  work  saved  in  releaming.  The 
only  series  which  can  be  compared  as  r^^rds  work-saving  are, 
of  course,  the  VSP-VSP  and  the  FP-FP  series.  (The  lines  to  be 
compared  in  the  scheme  are  the  first  and  fourth  for  each  subject) 
If  we  compare  the  percentages  of  the  original  LT  which  are 
saved  in  releaming,  we  find  that  with  F.  they  are  the  same 
(28  per  cent)  for  the  VSP-VSP  and  the  FP-FP  series,  that  with 
G.  the  difference  is  negligible  though  slightly  in  favor  of  the 
FP'FP  series  (q^c?  as  against  7%)  and  that  with  K.  alone 
it  is  decidedly  in  favor  of  the  VSP-VSP  series  (37%  as  against 
23%).  The  percentages  of  the  original  numbers  of  repetitions 
saved  are  for  the  VSP-VSP  and  FP-FP  series  respectively  as 
follows:  G.,  19%  and  10%;  F.,  27%  and  31%;  K. 
8%  and  23%.  G.'s  results  are  not  really  in  sharp  opposition 
to  those  of  the  first  group.  The  saving  in  repetitions  is  still 
clearly  in  favor  of  the  VSP-VSP  series  and  the  times  are  un- 
doubtedly distorted  by  the  subject's  lack  of  attention.    With  F. 
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it  is  clear  that  neither  set  of  series  has  an  advantage  over  the 
other.  All  that  can  be  said  of  K/s  restdts  is  that  the  difference 
between  the  values  of  W  in  learning  and  releaming  seems 
anomalously  small. 

We  now  come  to  the  second  of  the  two  methods  of  gauging 
retention,  namely,  the  comparison  of  series  learned  at  different 
rates  but  releamed  at  the  same  rate.  (The  lines  to  be  compared 
in  the  table  are  the  first  with  the  second  and  the  third  with  the 
fourth  for  each  subject.)  The  results  are  certainly  disconcerting. 
They  speak  decidedly  for  the  better  retention  by  G.  of  series  rap- 
idly presented.  She  releamed  the  FP-VSP  series  in  a  much 
shorter  time  than  the  VSP-VSP  series  (in  138  sees,  as  compared 
with  185  sees.)  and  with  a  smaller  number  of  repetitions  (1.9  as 
against  2.2).  Similarly  the  FP-FP  series  have  an  advantage 
over  the  VSP-FP  series  (an  LT  of  199  sees,  as  compared  with 
an  LT  of  219  sees,  and  2l  W  oi  4.5  as  compared  with  a  fT  of 
5.1 ).  With  K.,  on  the  other  hand,  the  VSP-VSP  series  retain  the 
advantage  over  the  FP-VSP  series  and  the  VSP-FP  over  the 
FP'FP.  With  F.  the  difference  between  the  values  of  W  is 
negligible  and  the  VSP-FP  series  have  a  smaller  LT  than  the 
FP'FP,  but,  as  with  G.,  the  FP-VSP  series  have  a  smaller  LT 
than  the  VSP-VSP. 

Since  the  number  of  series  in  each  set  of  this  much  divided  sub- 
group of  experiments  is  so  small,  it  seems  better  to  spend  no  more 
time  in  discussing  the  results  until  we  see  whether  or  not  they 
are  confirmed  by  the  experiments  of  the  next  sub-group. 

Group  II,  Subgroup  2.  Conditions  the  same  as  in  Subgroup  i, 
except  that  the  recitation  rate  zvas  restricted  and  made  the  same 
for  each  set  of  series  as  the  presentation  rate.  Subject  G.  Length 
of  series,  twenty-four  syllables. 

The  results  are  given  in  the  following  scheme: 


Series 

Type 
Mem.  2 

Learning 

Relearning    Saving  in 
JV    MV     LT      IV 

Mem.  I 

N 

W     MV 

LT 

Sees, 

Secx. 

VSP'VSR, 

VSP'VSR 

9 

3.9      0.6 

394 

2.3      04      237      4iy<; 

FP-   FR, 

VSP-VSR 

10 

9.8      2.2 

297 

2.5      o.s      258 

VSP-VSR. 

FP-   FR 

10 

2.8     0.8 

291 

8.1      I.I      257 

FP-  FR, 

FP-   FR 

9 

11.9     2.S 

356 

8j2      1.8     263      31 
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It  is  almost  unnecessary  to  say  that  among  the  symbols  under 
Series  Type,  VSP-VSR,  VSP-VSR  means  very  slow  presenta^ 
Hon  and  recitation,  both  in  learning  and  in  releaming,  and  so  oil 
For  brevity,  the  series  will  be  spoken  of  as  VSP-VSP  series,  and 
so  forth.  This  scheme  contains  no  RT  columns,  for  since  flic 
recitation  rate  was  restricted  to  the  presentation  rate  the  final 
recitation  of  VSP  series  had  to  take  place  in  94  sees.,  countii^ 
from  the  signal  Now,  and  the  final  recitaticm  of  an  FP  scries 
in  25  sees.  The  actual  values  of  LT  are  all  somewhat  in  excess 
of  the  times  which  would  have  been  occupied  if  there  had  l«n 
no  interruptions,  such,  for  example,  as  were  occasioned  by  die 
subject's  breaking  in  to  ask,  "Min  or  Ninf"  when  she  failed  to 
grasp  the  first  element  of  a  syllable.  To  take  an  actual  instazKt 
of  divergence,  the  first  LT  for  the  VSP-VSP  series  should  be 
375  sees,  and  is  394  sees. 

In  discussing  the  results  the  first,  though  not  the  most  im- 
portant, point  to  note  is  that  the  slowly  presented  series  no  longer 
have  a  uniform  advantage  over  the  rapidly  presented  series  as 
regards  learning  time.  One  set  of  series  very  slowly  presented 
took  longer  in  the  first  learning  than  either  of  the  two  sets 
rapidly  presented.  In  releaming,  one  set  very  slowly  presented 
took  one  second  longer  than  one  of  the  FP  sets.  Moreover,  the 
total  time  spent  upon  the  VSP-VSP  series,  in  learning  and  re- 
leaming, is  longer  than  the  total  time  for  any  other  set.  It  must 
be  remembered  that,  in  these  experiments,  the  subject  was  com- 
pelled to  recite  the  VSP  series  very  slowly,  whether  she  could 
have  recited  them  faster  or  not,  and  that  at  the  prescribed  rate 
the  recitation  of  a  VSP  series  took  upwards  of  four  times  as 
long  as  the  recitation  of  an  FP  series  (94  as  against  25  sees.). 
Hence,  LT  for  the  VSP  series  cannot  be  as  small  zs  LT  for  the 
FP  series  unless  W  for  the  VSP  series  is  only  about  one-fourth 
as  great  as  W  for  the  FP  series.  It  will  also  be  remembered  that 
this  subject,  in  the  earlier  experiments,  made  her  final  recitati(Hi 
of  VSP  and  FP  series  in  about  the  same  time,  namely,  thirty-odd 
seconds.  In  face  of  these  facts,  we  are  compelled  to  conclude 
that  there  is  little  profit  in  comparing  the  learning  times  of  series 
which  must  be  recited  at  different  rates.    We  never  can  tell  how 
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much  faster  than  the  slower  rate  the  subject  covid  have  recited, 
nor,  for  that  matter,  what  the  consequences  of  artificial  retarda- 
tion may  be  in  the  way  of  inattention. 

As  regards  W,  the  VSP  series  retain  their  old  decisive  ad- 
vantage over  the  FP.  Roughly  speaking,  W  for  the  FP  series  is 
about  treble  the  W  for  the  VSP  series.  In  these  experiments, 
slow  repetition  appears  to  have  accomplished,  in  proportion  to 
the  time  spent  upon  it,  nearly  as  much  as  fast  repetition,  though 
not  more. 

The  VSP'VSP  series  have  regained  their  old  advantage  over 
the  FP'FP  as  regards  the  percentages  of  repetitions  saved  in 
releaming,  41%  for  the  former  and  31%  for  the  latter. 

Although  the  differences  are  small,  the  VSP-VSP  series  have 
in  releaming  a  smaller  W  and  LT  than  the  FP-VSP  series,  and 
the  VSP'FP  series  have  the  same  advantage  over  the  FP-FP. 

In  view  of  these  facts,  we  must  conjecture  that  in  the  ex- 
periments of  the  preceding  subgroup,  G.,  who  confessed  to  fluctu- 
ating attention,  was  less  oii  the  alert  in  the  releaming  of  those 
series  which  were  really  the  more  familiar,  namely,  those  which 
were  very  slowly  presented  in  the  first  learning. 

F.  and  K.  also  served  as  subjects  in  these  experiments,  but  as 
they  learned  only  four  series  of  each  type,  their  results  cannot 
be  taken  seriously.  F.'s  averages  chance  to  be  exactly  in  line 
with  G.'s;  K.'s  are  not. 

The  numerical  results  of  this  whole  group  of  experiments  are 
so  scanty  that  little  time  need  be  spent  upon  the  introspective 
records.  The  only  important  points  in  G.'s  statements  are  her 
confession  of  slack  attention  (of  "taking  it  easy")  in  the  recita- 
tions of  the  first  subgroup,  and  her  remark  that  in  the  fast  reci- 
tations of  the  second  subgroup  she  sometimes  "could  not  read  the 
mental  copy  fast  enough  to  get  the  syllables  on  the  right  beats", 
whereas  at  other  times  she  purposely  avoided  "lookii^  ahead" 
because  if  she  "failed  to  see  a  color  spot  coming"  (in  its  place  on 
the  line),  she  was  frightened  and  apt  to  break  down.  This  re- 
mark testifies  to  the  paramount  attention  paid  to  the  visual 
images  of  the  syllables  and  to  their  spatial  projection  in  the  in- 
ternal field. 
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F.  and  K.  were  both  visualizers,  also.  K.  made  more  use  of 
internal  speech  than  F.  who  instantly  translated  the  aurally  pre- 
sented syllables  into  visual-verbal  images  and  then  often  mispro- 
nounced them  in  reading  them  off.  F.  was  "sure"  she  had  audi- 
tory images  "of  the  ^s  and  j's,"  a  declaration  which  certainly 
implies  a  dearth  of  auditory  images.  It  is  curious  that  F.,  who 
was  the  most  exclusively  eye-minded  of  the  three  subjects,  was 
also  the  most  rapid  reciter.  Both  F.  and  K.  grouped  the  syllables 
and  F.  projected  them  upon  a  horizontal  line  from  left  to  right, 
grouping  the  first  four  together  and  pairing  the  next  two  and  the 
very  last  two.  K.  used  mnemonic  devices  both  in  the  VSP  and 
the  FP  series;  F.  used  extremely  few.  K.  like  G.,  liked  the 
VSP'VSP  series  best  of  the  four  sets,  whereas  F.  preferred  the 
VSP-FP,  saying  that  in  releaming  it  was  tiresome  to  have  to  go 
over  a  series  slowly  when  one  already  knew  part  of  it. 

Before  we  pass  to  the  third  and  last  main  group  of  experi- 
ments, we  should  glance  at  the  results  of  some  experiments  on 
beginners,  which  are  supplementary  to  the  work  of  the  first  sub- 
group of  the  present  group,  that  in  which  the  rate  of  recitation 
was  unrestricted.  The  general  conditions  of  these  supplementary 
experiments  are  stated  on  p.  ii8.  The  following  scheme  gives 
sufficient  indication  of  the  series  types  used  and  of  other  detaik 
except  the  number  of  syllables  in  the  series,  which  was  twelve. 

Series         Tvpe      Sub-  Learning  Releaming 

Mem.  I       Mem,  2    ject  N      W     MV    LT     RT      W     MV    LT    RT 

Sees.      Sees.  Sees.     Sees 

VSP'UR,FP'UR  B.4    lo  10.5  34  459  i5  8.1  2.3  204  15 

FP'UR,  FP'UR  9  16.6  3.7  405  14  74  i.5  i7^  U 

VSP'UR,FP'UR  B.5    10  7.2  1.6  390  30  95  2.5  234  16 

FP'UR,  FP'UR  10  15.0  3.6  513  27  ii.i  2.9  267  20 

VSP'UR,  FP'UR  B.6    10  3.5  0.9  235  20  3^  0.7  168  26 

FP'UR,  FP'UR  9  6a  14  307  i7  3-9  0.8  178  28 

VSP'UR,  FP'UR  B.7    10  5.2  0.7  242  30  -4.7  i.i  159  21 

FP'UR,  FP'UR  9  84  2.0  318  24  6.0  1.3  205  20 

VSP'UR,  FP'UR  B.8    10  5.8  1.9  303  27  A-7  1-5  156  21 

FP'UR,  FP'UR  9  10.6  24  475  26  5.6  I.I  188  22 

VSP-UR,  FP'UR  B.9    10  5.2  1.2  240  26  4.1  i.i  135  23 

FP'UR,  FP'UR  9  9.1  1.9  265  29  4.3  0.8  108  27 

VSP'UR,  FP'UR  B.  10  10  8.8  24  330  21  7a  la  213  30 

FP'UR,  FP'UR  10  14.1  2.9  375  24  7.2  14  195  15 

VSP'UR,  FP'UR  B.  II  10  57  1.0  285  22  6.5  1.0  118  21 

FP'UR,  FP'UR  10  7.9  1.3  283  22  5.0  14  169  i^ 
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In  these  experiments  we  find  eight  untrained  subjects  learning 
some  series  with  a  slow  and  others  with  a  very  fast  presentation 
rate  and  releaming  all  at  the  same  fast  rate.  All  the  subjects  in 
the  first  learning  mastered  the  VSP  series  with  the  smaller  IV , 
and  all  the  subjects,  except  B.  4  and  B.  11,  had  the  smaller  LT 
with  the  VSP  series.  From  the  values  of  RT  we  judge  that  all 
the  subjects,  with  the  probable  exception  of  B.  7,  knew  the  two 
sets  of  series  about  equally  well  at  the  end  of  the  first  learning. 
All,  excepting  B.  4,  B.  10  and  B.  11,  releamed  the  VSP-FP 
series  with  the  smaller  W  and  all,  except  B.  4,  B.  9  and  B.  10, 
with  the  smaller  LT.  The  differences  are  in  some  cases  con- 
siderable. Only  in  the  cases  of  B.  4  and  B.  10  do  we  fail  to  find 
any  advantage  for  the  VSP-FP  series  over  the  FP-FP,  either  in 
the  second  W  or  in  the  second  LT,  and  in  the  case  of  B.  10  the 
two  values  of  the  second  W  are  equal.  Turning  to  the  intro- 
spective data,  we  find  that  only  B.  4  and  B.  10  expressed  a  pref- 
erence for  fast  over  very  slow  presentation.  All  the  others 
objected  to  fast  presentation  because  it  made  them  "nervous"  or 
because  it  made  the  syllables  "a  confused  series  of  sounds"  or 
because  it  "gave  no  time  for  review"  (B.  7)  or  because  it  al- 
lowed less  time  for  naming  fingers  with  syllables.  On  the  other 
hand,  both  B.  4  and  B.  10  objected  to  very  slow  presentation  as 
unnecessary  and  tiresome,  though  it  should  be  noted  that  neither 
was  a  facile  memorizer  as  compared  with  B.  6,  B.  7,  B.  8,  B.  9 
or  B.  II.  All  these  subjects  except  B.  9  were  visualizers  and  all 
except  B.  8  grouped  the  syllables  in  some  fashion.  B.  8  spoke  of 
"reading  off"  the  syllables  but  appears  to  have  seen  them  in  an 
unbroken  line  or  column.  All,  except  B.  7  and  B  8,  used  some 
form  of  mnemonic  device  but  no  one  of  them,  except  possibly 
B.  7,  made  any  great  use  of  spatial  associations. 

From  the  second  main  group  of  experiments  and  its  supple- 
ment, we  may  draw  the  following  conclusions : 

(i)  As  in  the  first  main  group  of  experiments,  the  chief  sub- 
ject  G.  retained  associations  formed  by  the  presentation  of  syl- 
lables at  four-second  intervals  better  than  those  formed  by  pre- 
sentation at  one-second  intervals.  This  is  shown  by  the  com- 
parison both  of  series  learned  at  different  rates  and  releamed  at 
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the  same  rate  as  learned  and  of  series  learned  at  different  rates 
but  all  relearned  at  the  same  rate. 

(2)  This  better  retention  of  the  very  slowly  presented  sena 
cannot  be  considered  a  personal  peculiarity  of  G.j  since  we  fmi 
unmistakable  evidences  of  it  in  the  fragmentary  results  obtaimd 
from  other  subjects.  Nevertheless,  the  results  obtained  from  f ., 
B.  4  and  B.  10  suggest  that  all  subjects  are  not  like  G.  in  tks 
respect. 

(j)  An  unrestricted  rate  of  recitation  is  dangerous  in  experi- 
ments of  this  type  on  account  of  the  inequalities  of  attentm 
which  it  permits  and  yet  it  is  a  convenience  in  giving  usinihi 
final  recitation  times  a  clue  to  the  subjecfs  relative  mastery  of 
different  sets  of  series. 

Group  III.  All  series  relearned  at  the  same  rates  at  which  tkej 
were  learned.  Four  rates  of  presentation:  (i )  slaw  — SP,  with 
three-second  intervals;  (2)  moderately  slow — MSP,  with  tvo- 
second  intervals;  (3)  fast — FP,  with  one-second  intervals;  mi 
(4)  very  fast — VFP,  with  eight-tenths-of-a^second  intervals  be- 
tween the  syllables.  Series  recited  at  the  same  rate  as  presentd 
Subjects,  G.,  C.  and  D.  Number  of  syllables  in  series,  twehe 
for  all  alike. 


Series 
Type 


Sub'  Per- 
ject  iod    N 


SP'    SR  G.      /      18 

MSP'MSR  17 

FP'    FR  18 

VFP'VFR  17 


SP-  SR 
MSP-MSR 

FP-  FR 
VFP'VFR 

SP'  SR 
MSP'MSR 
•  FP'  FR 
VFP'VFR 

SP'  SR 
MSP'MSR 

FP'  FR 
VFP'VFR 


42 

42 
42 
42 

23 
22 

23 
24 

13 
15 
15 
16 


Learning 
W    MV     LT 

Stet. 

2.9  0.6  107 

4.1  0.9  106 

&o  1.8  125 

9.6  2.3  121 

24  0.6  88 

2.8  0.8  73 
5.5  I.S  87 

6.9  i^  86 


176 
162 
9.9     2Jb      155 
14.0     4,0      177 


4.7      1.5 

'•'  It 


6.7  1.5  252 

7.9  2.1  210 

1 1.7  2.9  184 

144  24  182 


ReUaming 
W    MV  LT 

SavmgTo*d 

W      LT 

Sees. 

Stct 

2.6      1.0     96 

7         » 

3.8        I.I      100 

6.2        1.2       96 

as       ffl 

84       2.1      105 

12         296 

2.2  0.6  81  8  169 

2.9  a8  75  -  m8 

44  1.0  67  20  154 

6.8  ij»  85  2  171 

4.0  Oj8  149  26  ^ 

4.5  i^  119  18  ^ 

7.3  1.9  114  ^  ^ 
9tO  2.1  113  36  350 

5^  14  217  13  ^ 

74  2^  197  6  40? 

8.8  2.2  140  ^  ^ 

9.7  1.6  122  33  304 
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In  this  table,  the  times  given  under  the  LT  headings  are  not 
the  learning  times  actually  recorded  but  times  which  have  been 
calculated  on  the  basis  of  the  numbers  of  repetitions.  The  origi- 
nal records  of  these  experiments  were  burned  and  the  time  aver- 
ages were  not  entered  in  the  table  of  restilts,  which  (with  a  scanty 
record  of  introspection)  now  remains  in  the  hands  of  the  writer. 
For  practical  purposes,  the  times  entered  in  the  table  probably 
resemble  the  real  times  closely  enough  but  they  must  all  be 
slightly  lower  than  the  real  times.  (C/.  p.  132  above).  For  the 
convenience  of  the  reader  the  values  of  LT  in  learning  and  in 
releaming  have  been  added  together  and  entered  in  a  column 
at  the  extreme  right  of  the  table. 

As  the  recitation  times  were  restricted,  the  times  occupied  in 
the  final  and  perfect  recitation  were  respectively  for  the  SP, 
MSP,  FP  and  VFP  series,  35  sees.,  24  sees.,  13  sees.,  and  10.4 
sees.,  counting  from  the  signal. 

As  represented  in  the  table,  the  results  of  G.  fall  into  two 
sections.  The  experiments  covered  by  the  first  section  were  made 
before  Christmas  and  the  results  worked  out  in  the  holidays. 
The  outcome  was  so  surprising  to  the  experimenters  that  the 
results  obtained  after  Christmas  were  averaged  separately  to  see 
if  they  would  make  the  same  showing.  When  we  scrutinize  the 
figures,  we  see  that  they  amount  for  G.  almost  to  a  reversal  of 
the  findings  of  the  earlier  experiments  but  that  the  number  of 
series  is  so  large  that  the  work  cannot  be  set  aside.  Moreover, 
the  results  of  the  other  two  subjects  are  quite  in  line  with  the 
new  showing  of  G.  In  detail,  the  points  to  be  noted  are  as 
follows : 

1.  As  in  the  preceding  experiments,  IV  increases  with  the 
presentation  rate.  This  is  true  for  all  the  subjects,  both  in 
learning  and  in  releaming,  and  is  the  common  finding  when 
series  are  learned  at  different  repetition  rates. 

2.  The  more  slowly  presented  series  do  not  have  such  an  ad- 
vantage in  W  that  they  have  an  advantage  in  LT  as  well.  We 
find  that  in  each  period  of  G.'s  work,  the  learning  times  differ 
little  among  themselves  and  the  releaming  times  still  less.  In  the 
first  period,  the  average  total  time  spent  upon  the  different  sets 
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of  scries  rises  slowly  but  steadily  with  the  rate — from  203  sees, 
for  the  SP  series  to  226  sees,  for  the  VFP  series.  In  the 
second  period,  the  longest  total  time — 171  sees, — ^was  spent  upon 
the  VFP  series,  but  the  SP  series  are  a  close  second,  and  then 
comes  a  considerable  drop  to  the  FP  and  MSP  series — from  169 
sees,  to  154  sees,  and  148  sees.  In  the  cases  of  C.  and  D.,  the 
more  rapidly  presented  series  have  a  clear  advantage  in  LT. 
With  D.,  the  advantage  is  very  marked  since  LT,  both  in  learn- 
ing and  in  releaming,  decreases  steadily  and,  in  releaming,  de- 
creases considerably  with  the  increase  of  presentation  rate. 

3.  As  regards  the  percentage  of  work  saved  in  releaming,  the 
more  rapidly  presented  series,  not  the  more  slowly  presented, 
have  in  these  experiments  the  maiiced  advantage.  With  all  three 
subjects  the  saving  is  least  in  the  case  of  the  MSP  series.  TWs 
fact  is  hard  to  explain  and  is  very  conspicuous.  With  G.,  the 
saving  is  greatest  in  the  case  of  the  FP  series.  In  both  sections 
of  the  figures,  the  advantage  of  these  series  is  marked.  In  the 
first  section,  the  difference  between  the  SP  and  VFP  series  is 
negligible  but,  in  the  second  section,  the  saving  in  the  case  of 
the  VFP  series  is  itself  negligible.  Withr.  and  D.,  the  VFP 
series  show  decidedly  the  greatest  saving.  In  C's  case,  the  SP 
and  FP  series  rank  together  but,  in  D.'s  case,  the  FP  series  are 
greatly  ahead  of  the  SP.  In  G.'s  case,  the  numbers  of  repeti- 
tions are  smaller,  both  in  learning  and  in  releaming,  than  those 
of  the  other  subjects  and  the  saving  in  repetitions  is  also  less 
than  theirs.  The  saving  in  repetitions  is  greatest  with  C,  al- 
though her  numbers  of  necessary  repetitions  are  smaller  than 
D.'s. 

These  surprising  results  raise  three  questions:  (i)  How  is 
the  divergence  of  G.'s  residts  from  those  obtained  in  the  ex- 
periments of  the  year  before  (Groups  I  and  II)  to  be  explained? 
To  be  sure,  the  numbers  of  series  in  Group  II  were  not  hrgt 
but,  on  the  other  hand,  those  in  Group  I  were  considerable— 
thirty-eight  in  each  set  as  against  forty-two  in  the  second  section 
of  these  experiments.  (2)  Is  the  advantage  of  the  more  rapidly 
presented  series  in  the  cases  of  C.  and  D.  (an  advantage  which 
is  marked  in  comparison  with  their  showing  in  the  case  of  G. 
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even  in  these  experiments)  an  indication  of  an  "individual  dif- 
ference"? (3)  What  is  the  meaning  of  the  fact  that  the  MSP 
series,  and  not  either  the  VFP  or  the  SP  series,  show  the  mini- 
mum of  ^saving  in  releaming?  In  the  discussion  of  these  ques- 
tions such  introspective  data  as  remain  in  the  possession  of  the 
writer  will  be  interpolated. 

(i)  As  regards  the  first  question,  it  is  probable  that  G.'s  re- 
sults are  not  really  so  much  at  variance  with  her  showing  in  the 
earlier  work  as  appears  on  the  surface.  Three  facts  are  to  be 
taken  into  consideration.  In  the  first  place,  G.'s  percentages  of 
saving  are,  in  these  experiments,  small  as  compared  with  her 
percentages  in  Group  I  and  in  the  second  subgroup  of  Group  II. 
(See  the  ^emes  on  pp.  120  and  131.)  They  are  also  small  as 
compared  with  the  percentages  of  C.  and  of  D.  As  a  matter  of 
fact,  G.  was  memorizing  so  many  series  at  the  time  when  this 
present  work  was  done  that  her  retention  was  very  poor.  She 
was  serving  as  subject  in  the  "fatigue  experiments"  described  in 
the  following  paper  and  was  very  much  aware  of  the  displace- 
ment of  one  scries  of  impressions  by  another.  This  fact  does 
not  explain  the  advantage  of  the  FP  series  but  simply  shows 
that  these  experiments  were  made  under  conditions  different  from 
those  of  the  preceding  year,  which  were  made  when  G.  was 
learning  no  other  series  of  nonsense  syllables.  In  the  second 
place,  G.  was,  in  these  experiments,  using  somewhat  different 
methods  in  learning  the  more  slowly  presented  and  the  more 
rapidly  presented  series.  With  the  slower  series,  she  was  using 
her  old  device  of  projecting  the  color  spots  which  represented  the 
syllables  in  a  definite  pattern  in  the  mental  field  of  vision.  In 
the  second  section  of  these  experiments,  she  ceased  to  project  the 
spots  in  a  single  horizontal  line  and,  for  the  express  purpose  of 
emphasizing  spatial  relations  and  comparing  colors,  took  to  pro- 
jecting the  spots  in  three  vertical  coltmins  of  four  syllables  each, 
so  as  to  bring  the  first,  fifth  and  ninth  syllables,  which  were  the 
initial  syllables  of  each  group,  side  by  side  from  left  to  right 
in  the  same  line,  and  so  as  to  bring  the  syllables  second  in  each 
group  side  by  side  in  the  line  below,  and  so  on.  She  tried  to  use 
the  same  method  in  the  more  rapidly  presented  series  and  had 
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usually  succeeded  in  projecting  the  syilables  before  the  final  reci- 
tation. She  had,  however,  a  great  deal  of  trouble  in  ''hearingf* 
the  syllables  of  the  FP  and  VFP  series  and,  in  her  perturbation, 
caught  at  every  mnemonic  device  within  mental  reach.  If  some 
of  the  syllables  could  thus  be  bound  together  and  disposed  of,  her 
attention  could  be  concentrated  on  ''getting  hold"  of  the  rest 
In  releaming,  these  artificial  associates  frequently  came  back  to 
mind,  whereas  the  more  slowly  presented  series  often  seemed 
entirely  unfamiliar.  The  artificial  associates  differed  from 
series  to  series;  the  framework  of  the  syllable  pattern  was  the 
same  for  all  series  and  gave  little  assistance  in  reviving  old  im- 
pressions.**^ In  the  third  place,  we  meet,  in  the  case  of  the  SP 
series,  "the  difficulty  of  the  accidental  first  value  of  W"  men- 
tioned on  p.  127  above.  After  all,  G.  was  memorizing  series  of 
twelve  syllables  only  and  was  memorizing  at  a  slow  presenta- 
tion rate.  This  task  had  become  very  easy  work  for  her.  In 
the  majority  of  cases,  it  was  performed  with  two  presentations 
As  the  subject  frequently  remarked  during  the  year  in  which 
these  experiments  were  made,  the  first  slow  presentation  enabled 
her  "to  take  stock  of  the  syllables  in  the  series"  and  the  second 
enabled  her  "to  link  them  together."  A  third  was  entailed  only 
by  nervousness  in  recitation.  But  even  in  relearning  these  two 
presentations  seemed  to  be  necessary  except  when  the  subject 
was  in  exceptional  learning  trim.  She  had  to  "see  what  was  in 
the  series  all  the  way  to  the  end"  before  she  could  "connect  it 
up."  To  put  the  matter  numerically,  the  value  of  the  first  W 
had  almost  reached  the  lower  limit  for  W,  namely,  one,  and  the 
value  of  the  second  IV  could  not  fall  far  below  it.    Putting  all 

*The  reader  in  these  experiments  was  a  Southerner  of  "opened  vowek 
and  softened  consonants,"  and  the  subject,  though  of  the  Middle  West  t^ 
birth  and  speech,  could  not  learn  the  syllables  so  well  when  they  were  pre- 
sented by  her  as  when  they  were  presented  by  either  of  the  two  New 
Englanders  who  read  in  the  "fatigue  experiments."  While  she  was  leamiag 
the  70  series  of  the  first  section,  she  learned  116  series  in  the  fatigue  woris, 
half  of  them  SP  and  half  FP  series.  JV  for  the  SP  series  was  2.7  as 
against  2.9  in  these  experiments,  and  W  for  the  FP  series  was  only  5.6  as 
compared  with  &o.  It  is  evident  that  in  the  aural  presentation  of  series, 
considerable  inequality  of  conditions  may  arise  throu^^  the  provincial  diffe^ 
ences  of  pronunciation  wliich  are  common  even  among  educated  persons. 
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these  facts  together,  the  writer  concludes  that  in  these  expert^ 
ments  the  superiority  of  the  more  rapidly  presented  series  was 
accidental,  and,  therefore,  that  these  experiments  do  not  over^ 
turn,  although  they  certainly  do  not  support,  the  conclusions  to 
be  drawn  from  the  earlier  groups, 

(2)  We  must  answer  the  second  question  in  the  affirmative. 
In  the  cases  of  C,  and  of  D.,  the  advantage  of  the  more  rapidly 
presented  series,  not  only  in  regard  to  total  learning  time  but  also 
in  regard  to  the  percentage  of  the  original  work  saved  in  releam- 
ing,  does  really  indicate  a  genuine  individual  difference  between 
these  subjects  and  G.  The  difference  is  probably  rooted  in  the 
degrees  of  attention  paid  to  the  more  slowly  and  to  the  more 
rapidly  presented  series.  The  difference  in  attention  may  be 
traced  to  the  difference  in  imagery.  In  one  respect,  this  differ- 
ence may  have  worked  against  the  better  retention  of  the  more 
rapidly  repeated  series  by  C.  and  D.  C.'s  imagery,  like  G.'s, 
consisted  of  visual-verbal  images  (C/s  were  of  the  normal  type) 
blended  with  internal  speech,  but,  unlike  G/s,  C.'s  imagery  be- 
came decidedly  auditory-kinaesthetic  in  the  case  of  the  more 
rapidly  presented  series.  C.  claimed  expressly  that,  in  the  case 
of  the  fast  series,  she  was  helped  by  auditory-kinaesthetic  "per- 
severation," that  is,  by  the  mental  echo  of  the  series  in  internal 
speech.  Even  G.  remarked  that  sometimes  a  very  rapidly  pre- 
sented series  would  seem  to  "say  itself,"  but  usually  in  the  recita- 
tion of  these  series  G.  read  from  her  mental  copy  and  occasion- 
ally complained  that  the  color  spots  would  not  form  fast  enough 
in  the  internal  field.  D.  took  a  somewhat  antagonistic  attitude 
throughout  the  work  and  maintained  that  she  "had  no  imagery 
at  all"  but  that  she  could  have  visualized  the  syllables  if  she  had 
liked  the  work.  From  this  statement,  we  may  glean,  first,  that 
she  had  little  or  no  insual  imagery  and,  second,  that  in  reciting 
she  took  no  pains  to  anticipate  syllables.  Her  relatively  short 
learning  times  in  the  case  of  the  VFP  series  indicate  that  in- 
ternal-speech perseveration  came  into  play  in  her  case  also.  Now 
the  writer  assumed  at  the  outset  of  this  paper  that  if  series  were 
recited  with  the  aid  of  perseveration  they  might  be  recited  before 
the  associations  between  the  syllables  were  firmly  impressed,,  and 
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that  such  series  would  necessarily  be  quickly  forgotten  since 
peiservation  is  essentially  evanescent.  If  this  assumption  is 
correct,  it  is  obvious  that  the  better  retention  of  the  more  rapidly 
presented  series  by  C.  and  D.  cannot  be  explained  by  the  more 
conspicuous  presence  of  the  kind  of  imagery  in  which  an  aurally 
presented  series  most  naturally  tends  to  perseverate.^*  Indi- 
rectly, however,  the  difference  in  imagery  was  an  important 
factor  in  determining  the  sorts  of  attention  paid  to  the  slower 
and  to  the  faster  series  by  C.  and  D.,  on  the  one  hand,  and  by  G., 
on  the  other.  G.  learned  the  slower  series  con  amore  because 
she  could  readily  use  her  color-spot  pattern.  In  presentation,  the 
long  intervals  never  seemed  wasted  because  they  were  occupied 
in  putting  the  syllables  into  their  places  in  the  pattern  and  in 
comparing  the  colors  of  syllables  in  different  positions.  In  reci- 
tation, indeed,  the  long  intervals  were  somewhat  trying  but  not 
sufficiently  so  to  make  G.  prefer  the  faster  series.  On  the  other 
hand,  in  the  cases  of  C.  and  D.,  the  long  intervals  were  worse 
than  wasted,  since  they  evidently  allowed  time  for  attention  to 
waver  seriously.  After  a  given  syllable  was  presented  or  recited, 
the  subject  had  time  in  a  three-second  interval  to  think  of  the 
next  syllable,  if  she  knew  it,  and  then  to  think  of  something  else, 
and  she  was  apt  to  be  thinking  of  that  something  else  when  the 
time  came  to  hear  or  say  that  next  syllable.  C  expressed  a 
marked  preference  for  the  faster  series  because  the  slower  series 
were  "hard  to  attend  to."  D.  said  that  she  "hated  all  alike,"  but 
evidently  she  did  pay  closer  attention  to  the  faster  series.  Other- 
wise the  FP  and  VFP  series  could  not  possibly  have  had  their 
great  advantage  in  the  matter  of  total  learning  time.  Here, 
then,  is  the  crucial  difference  between  the  subjects.  C.  and  D. 
remembered  the  faster  series  better  because  they  gave  much  more 
sustained  attention  to  learning  them  and  thus  made  stronger  as- 
sociations between  the  syllables.  Unfortunately,  we  have,  in  this 
group  of  experiments,  no  comparable  recitation  times  to  serve  as 
a  clue  to  the  streng^  of  the  associations  when  the  series  of  the 

"An  eye-minded  subject  may  undoubtedly  have  visual  perseveration  even 
in  the  case  of  aurally  presented  series,  since  the  aural  impressions  nay 
instantly  be  translated  into  ocular  terms. 
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various  sets  were  perfectly  recited.  The  time  of  recitation  was 
restricted  and  every  series  had  to  be  recited  just  as  fast  and  just 
as  slowly  as  it  was  presented.  It  is  very  probable  that  the  dif- 
ference in  recitation  rate  led  in  itself  to  a  difference  in  the  initial 
strength  of  the  associations,  since  the  slow  series  could  be  recited 
in  virtue  of  very  weak  associations. 

Incidentally  and  to  complete  the  introspective  data,  it  may  be 
remarked  that  C.  grouped  the  syllables  in  fours  as  did  G.,  but 
made  no  mention  of  spatial  projection.  She  used  more  mnemonic 
devices  in  the  slower  series  than  she  used  in  the  faster  series,  a 
fact  which  must  in  itself  have  made  for  the  better  retention  of 
the  slower  series  (actually  less  well  remembered).  D.  does  not 
appear  even  to  have  taken  pains  to  group  the  syllables.  She 
said  that  she  was  helped  by  artificial  associations  when  they  oc- 
curred to  her  biit  that  she  took  no  trouble  to  make  them. 

(3)  The  minimum  saving  in  the  case  of  the  MSP  series  is 
hard  to  explain  but  Miss  Rockwell  makes  the  plausible  sugges- 
tion that,  in  the  cases  of  C.  and  D.  these  series  were  heard  and 
recited  with  the  least  attention,  since  they  required  neither  the 
effort  to  attend  which  was  demanded  by  the  still  slower  series 
nor  the  very  alert  attention  which  was  necessary  if  the  syllables 
of  the  faster  series  were  to  be  grasped  as  presented  and  to  be 
recited  on  the  proper  beats.  This  conjecture  in  regard  to  C. 
and  D.  is  borne  out  by  the  fact  that  G.  considered  the  learn- 
ing of  the  MSP  series  particularly  easy  and  pleasant.  In 
the  relearning,  these  series  seemed  more  unfamiliar  than  any  of 
the  others  to  G.,  who  said  at  the  time  that  they  were  "hoodooed." 

On  the  whole,  then,  we  may  conclude  (/)  that  this  group  of 
experiments  gives  no  evidence  that  series  of  nonsense  syllables 
slowly  presented  and  recited  are  better  remembered  than  series 
more  rapidly  repeated;  (2)  that,  in  view  of  the  circumstances 
under  which  they  were  made,  they  should  not  be  regarded  as 
overturning  the  conclusion  that  G.  remembered  series  learned  by 
slow  repetition  better  than  those  learned  by  fast  repetition;  (3) 
that  two  out  of  the  three  subjects  certainly  did  remember  the 
more  rapidly  repeated  series  better  than  those  more  slowly  re- 
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peated;  hut  (4)  that  they  did  so  probably  because  they  paid  bet- 
ter attention  to  the  faster  series  and  thus  formed  associations  of 
superior  initieU  strength.  The  experiments  do  not  preclude  the 
possibility  that  if  these  two  subjects  had  really  been  able  to  recite 
the  slower  series  as  readily  at  the  outset  they  might  have  remem- 
bered them  as  well  as  they  remembered  the  faster  series. 

Conclusions 
The  conclusions  to  be  drawn  from  the  entire  series  of  experi- 
ments fall  into  three  sets :  conclusions  as  to  fact,  conclusions  as 
to  theory  and  conclusions  as  to  method, 

I.  The  conclusions  as  to  matters  of  fact  have  been  simimarized 
at  the  end  of  the  discussion  of  each  group  of  experiments  and 
need  only  the  briefest  review  here,  since  the  reader  can  turn  in 
an  instant  to  the  italicized  sentences  on  pp.  122,  135-136  and  143- 
144.     In  a  few  words  they  are  as  follows: 

a.  The  chief  subject  G.,  who  is  a  predominantly  eye-minded 
person  and  who  projected  the  color  images  representing  the  syl- 
lables in  a  well-defined  pattern  in  the  mental  field  of  vision,  ap- 
pears, under  normal  conditions,  to  have  remembered  the  series 
of  syllables  which  were  very  slowly  presented  better  than  those 
which  were  presented  at  a  faster  rate.  This  fact  is  brought  out 
both  ( I )  by  the  comparison  of  series  releamed  respectively  at  the 
same  slow  and  fast  rates  at  which  they  were  presented  and  re- 
cited at  an  unrestricted  rate  and  (2)  by  the  comparison  of  series 
learned  at  different  presentation  rates  but  releamed  at  the  same 
rate  and  all  recited  at  the  rate  at  which  they  were  presented. 

6.  There  were  four  other  subjects  with  some  degree  of  train- 
ing, F.,  K.,  C.  and  D.  The  results  obtained  from  F.  and  K.  are 
too  few  to  have  much  significance.  The  results  of  K.,  who  like 
G.  preferred  the  slow  series,  appear  to  be  in  line  with  those  of 
G.,  whereas  the  results  of  F.,  who  preferred  the  fast  series,  are 
not.  C.  and  D.,  who  served  only  in  the  experiments  in  which  the 
presentation  and  recitation  rates  were  the  same  and  in  which  all 
series  were  releamed  at  the  rates  at  which  they  were  learned, 
remembered  the  faster  series  much  better  than  the  slower.  D. 
visualized  little,  if  at  all,  and  C.  made  little,  if  any,  use  of  spatial 
associations. 
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c,  Thiere  is  much  reason  to  believe  that  whereas  G.  learned 
the  slower  and  faster  series  (excepting  perhaps  the  MSP  series) 
with  equally  steady  and  tense  attention,  C.  and  D.  paid  better 
attention  to  the  more  rapidly  presented  series  and  had,  there- 
fore, linked  the  syllables  of  these  series  by  a  much  stronger 
set  of  associations  when  the  first  learning  was  counted  complete. 
The  slow  rates  of  recitation  in  the  case  of  the  more  slowly 
presented  series  may  well  have  concealed  a  weakness  in  the 
associations. 

d.  In  certain  rather  fragmentary  supplementary  experiments, 
the  majority  of  the  subjects  (who  were  untrained)  appear  to 
have  remembered  the  slowly  presented  series  better  than  those 
rapidly  presented  and  there  are  hints  that  those  who  remembered 
the  fast  series  better  found  it  hard  to  attend  to  the  slow  series. 

II.  In  passing  to  the  theoretical  conclusions  to  be  drawn  from 
these  facts,  the  following  points  should  be  kept  clearly  in  mind. 
The  strength  of  an  association  is  its  readiness  to  function  and  is 
measured  roughly  by  the  association  time,  ue,,  by  the  time  re- 
quired for  the  recalled  experience  to  emerge  after  the  recalling 
experience  comes  to  mind.*''  The  lastingness  or  wearing-quality 
or  "life"  of  an  association  depends  (aside  from  individual  dif- 
ferences in  retentiveness)  upon  its  initial  strength  and  upon  its 
freedom  from  retroactive  inhibition,  i.e.,  from  the  dislodging 
effect  of  a  later  formed  and  very  similar  association.  Its  strength 
at  any  one  time  after  it  is  formed  and  before  it  is  obliterated  or 
renewed  must  depend  upon  its  initial  strength  and  upon  its  free- 
dom from  retroactive  disturbance,  and  upon  the  time  which  has 
elapsed  since  its  impression.  The  initial  strength- of  such  a  series 
of  associations  as  is  formed  in  learning  series  of  nonsense  syl- 
lables by  the  method  of  complete  memorizing  may,  for  our  pur- 

*^  Aside  from  the  fact  that  individuals  appear  to  differ  in  celerity  of  recall 
and  aside  from  the  fact  that  the  real  association  time  can  never  be  gauged 
with  entire  precision,  this  time  is  not  a  perfect  measure  of  the  strength  of 
the  association,  since  it  may  be  lengthened  by  reciprocal  inhibition  between 
this  association  and  another.  In  fact,  the  strength  of  an  association  is  best 
expressed  by  the  probability  that  it  will  function  sooner  or  later,  a  probabil- 
ity which  can  be  gauged  by  the  method  of  right  associates,  not  indeed  for  one 
particular  association  but  for  each  association  as  a  member  of  a  group 
formed  under  certain  conditions.    See  p.  47,  note  of  these  Studies. 
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poses,  be  reckoned  as  their  strength  at  the  end  of  the  last  «{«- 
tit  ion  in  the  first  learning.  If  the  recitation  rate  is  unrestricted 
and  the  learner  is  interested  in  "doing  well"  and,  therefore,  ^^ 
cites  as  fast  as  he  can,  then  the  recitation  time  offers  a  good 
rough  gauge  of  the  initial  strength  of  the  associations.  But  a 
restricted  recitation  time  cuts  out  this  gauge.  A  rapid  rate  of 
recitation  demands  pretty  strong  associations — ^unless  they  are 
helped  out  by  perseveration.  A  slow  rate,  if  prescribed,  may  or 
may  not  mask  weakness  in  the  associations.  A  rather  slow  rate 
of  presentation,  if  chosen  by  the  subject  in  the  case  of  rapidly 
presented  series,  must  indicate  that  they  are  not  recited  in  virtne 
of  the  mental  echo  or,  in  other  words,  of  perseveration. 

We  are  now  ready  to  restate  the  main  issue  and  to  formulate 
the  main  conclusion  of  this  study.  Its  chief  interest  lay  in  de- 
termining whether  series  rapidly  repeated  {i.e.,  series  quiddy 
presented  and  recited  either  at  this  same  quick  rate  or  as  fast  as 
the  subject  chooses)  are  more  quickly  forgotten  than  series 
learned  at  a  slow  rate  of  repetition.  If  they  are,  then  it  maybe 
inferred  that  the  final  recitation  was  accomplished  in  virtue  of 
rather  weak  associations  eked  out  by  perseverative  (or  if  one 
prefer,  by  impressional)  tendencies.  If  they  are  not,  then  no 
tendencies  which  are  in  their  very  nature  evanescent  can  have 
accomplished  a  recitation  premature  in  the  sense  that  it  took 
place  before  the  associations  were  clinched.  Now  we  are  forced 
to  conclude  that  it  cannot  possibly  be  inferred  from  these  ex- 
periments both  that  quickly  repeated  series  are  remembered  less 
well  than  slowly  repeated  series  and  also  that  their  poorer  re- 
tention is  due  to  the  fact  that  in  the  first  learning  the  final  reator 
tion  was  achieved  with  the  aid  of  perseveration.  For,  in  the 
first  place,  in  the  only  clear  and  well-substantiated  case  in  wtuck 
series  presented  fast  were  not  so  well  remembered  as  series  pre- 
sented slowly  (that  of  G.  in  the  first  group  of  experiments),  the 
slow  rate  of  recitation  chosen  by  the  subject  precludes  the  possir 
bility  that  perseveration  played  a  very  significant  part.  And,  i» 
the  second  place,  we  find  that  in  those  cases  in  which  ive  may  be 
pretty  sure  that  the  "mental  echo"  was  present  in  the  case  of  the 
rapidly  repeated  series,  they  were  better  remembered  than  those 
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slowly  repeated.  Thus,  the  main  question  of  this  study  is  settled 
in  the  negative  in  so  far  as  these  experiments  can  settle  it.  The 
reader  will  realize  that  the  subjects  were  few  and  that  the  fastest 
rate  of  presentation  and  recitation  (one  syllable  to  eight-tenths 
of  a  second)  was  really  not  so  very  fast,  though  fairly  rapid  for 
the  aural  presentation  of  meaningless  material. 

Two  or  three  questions  of  minor  interest  remain.  In  the  first 
place,  we  have  the  task  of  explaining  why  G.  on  the  whole  re- 
membered the  slowly  repeated  series  better  than  those  rapidly 
repeated  and  of  stressing  the  reason  why  this  showing  was  re- 
versed in  the  cases  of  C.  and  D.  The  answer  to  the  question  as 
to  G.  is  probably  as  follows:  She  remembered  the  slow  series 
better  than  the  fast  because  slow  presentation  gave  her  more 
leisure  for  visualizing  the  spatial  patterns  in  which  she  imaged 
the  syllables  and  thus  for  forming  criss-cross  associations  be- 
tween them.  These  associations  were  less  conspicuous  in  the 
case  of  the  rapidly  presented  series,  even  though  the  associations 
between  each  syllable  and  the  one  next  following  were  just  as 
strong.  For  instance,  although  the  associations  between  the 
first  and  second  and  between  the  fourth  and  fifth  syllables  were 
no  stronger  in  the  slow  series  than  in  the  fast,  yet  the  first  syl- . 
lable  was  more  strongly  associated  with  the  fifth,  which  was 
imaged  either  beside  it  or  in  a  corresponding  position  in  the  next 
group  of  four  syllables  (really  of  four  color  spots).  These 
criss-cross  associations  (secondary  associations  intrinsic  to  the 
series),  like  the  true  mnemonic  associations  (which  are  second- 
ary but  extrinsic),  are  revived  in  relearning  and  appear  to  facili- 
tate it.  G.  made  no  more  mnemonic  associations  in  the  slow 
series  than  in  the  fast  but  she  did  dwell  more  on  criss-cross  con- 
nections. G.  certainly  did  not  in  general  pay  higher-level  or 
steadier  attention  to  one  set  of  series  than  to  another  although,  as 
we  have  seen,  the  moderately  slow  series  of  the  third  group  of 
experiments  seem  to  have  fared  ill  at  the  hands  of  all  the  subjects. 
Rapidly  presented  series  cannot  be  mastered  at  all  unless  the 
learner  strictly  attends  to  business,  and  the  slowly  presented 
series  were  zealously  attended  to  by  G.  because  she  took  pride  in 
keeping  the  number  of  necessary  repetitions  as  low  as  possible, 
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always  hoping  to  make  a  perfect  recitation  after  a  single  slow 
presentation  of  a  twelve-syllable  series  and  sometimes  succeed- 
ing.   On  the  other  hand,  C.  and  D.  certainly  paid  closer  attention 
to  the  more  rapidly  repeated  series,  thus  disproportionately  re- 
ducing the  learning  time.    This  fact  would  not  explain  the  bet- 
ter retention  of  the  rapidly  repeated  series  if  we  could  believe 
that  the  associations  formed  in  learning  the  slow  series  were  in 
the  end  equally  strong.     We  have  no  numerical  evidence  that 
they  were  not,  since  in  the  experiments  in  question  the  slowly 
presented  series  had  also  to  be  slowly  recited.     Since,  however, 
slow  recitation  was  allowed,  the  series  could  be  recited  in  virtue 
of  weak  associations.     Since,  moreover,  C.  complained  that  the 
slow  series  were  hard  to  attend  to  and  since  D.,  throughout 
the  experiments  exerted  herself  as  little  as  possible,  we  have 
much  reason  for  supposing  that  the  initial  strength  of  the  as- 
sociations in  the  slow  series  was  actually  low.     Superiority  in 
the  initial  strength  of  the  primary  intrinsic  or  "intentionar*  as- 
sociations (the  associations  between  each  syllable  and  the  one 
next  following)  probably  then  explains  the  better  retention  of 
the  quickly  repeated  series  by  these  two  subjects.    This  conclu- 
sion is,  of  course,  in  direct  contradiction  to  the  supposition  which 
gave  rise  to  this  study. 

In  the  second  place,  it  must  be  frankly  confessed  that  the  ex- 
periments fail  to  give  the  slightest  indication  of  any  physiology 
col  advantage  in  slow  repetition — of  any  consolidation  process  as 
involved  by  it.  The  advantage  of-  the  slow  series  in  the  case  of 
G.  is  sufficiently  explained  by  her  peculiar-  method  of  memoriz- 
ing. On  the  other  hand,  in  the  cases  of  C.  and  D.,  the  disad- 
vantage of  slow  repetition,  namely,  its  failure  to  enforce  steady 
attention,  was  great  enough  to  hide  a  considerable  physiological 
advantage. 

Finally,  it  must  be  said  that  the  explanation  of  the  feeling  of 
automatism  which  one  has  in  reciting  a  rapidly  and  frequently 
presented  and  recited  series  must  remain  an  open  question.  The 
series — often  rather  suddenly — rolls  out  before  the  mental  eye 
or  reels  off  in  internal  or  actual -speech  as  if  the  reciter  were  a 
mere  reader  or  mouth-piece.    This  sort  of  thing  does  not  seem 
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to  happen  in  the  case  of  slowly  repeated  series.  Why?  One 
can  scarcely  explain  it  as  a  vocal-motor  automatism  because 
speech,  whether  internal  or  actual,  is  not  always  prominent  in  this 
self-thrusting  of  the  series  into  consciousness.  There  are  two 
possible  explanations  of  the  experience.  ( i )  It  may  be  that  the 
associations,  very  strong  because  they  are  very  fresh  and  re- 
peatedly stamped,  function  so  quickly  that  the  learner  suffers  a 
slight  emotional  shock.  (2)  It  may  be  that  the  mental  echo  is 
really  a  perseveration  of  the  members,  a  perseveration  forced 
into  serial  order  by  the  associations  between  them.  (C/.  p  108 
above.)  The  question  reduces  itself  to  this:  Are  *'impressional 
tendencies"  more  important  in  this  phenomenon  than  in  ordinary 
recall?  If  so,  they  produce  all  that  the  present  writer  means  by 
perseveration.  These  experiments  show  that  such  perseveration, 
if  it  exists,  is  less  important  in  the  recall  of  rapidly  repeated 
series  than  the  writer  had  supposed,  but  they  do  not  explain  away 
the  feeling  of  suffering,  or  being  passive  under,  the  intrusion  of 
the  series  members, 

III.  The  conclusions  as  to  method  the  writer  believes  to  be 
the  only  important  contribution  made  by  this  study.  Although 
she  has  clearly  seen  how  her  method  might  be  improved,  she 
has  never  made  any  more  retention  experiments  of  this  type. 
At  the  end  of  this  study,  she  had  become  completely  discouraged 
in  the  attempt  to  make  such  experiments  with  undergraduate  co- 
operation. Under  the  conditions  of  undergraduate  life  and 
work,  it  is  absolutely  impossible  to  secure  the  learning  and  re- 
learning  of  a  large  number  of  series,  imder  parallel  conditions, 
by  a  satisfactory  number  of  subjects.  If,  however,  one  has  the 
temerity  to  make  experiments  similar  to  those  described  in  this 
paper,  the  following  points  should  be  noted : 

a.  Parallel  experiments  should  be  made  with  a  restricted  and 
with  an  unrestricted  recitation  rate.  An  unrestricted  rate  is 
likely  to  have  a  dangerous  effect  upon  attention  unless  the  sub- 
ject is  taking  a  keen  and  unflagging  interest  in  his  work.  On 
the  other  hand,  the  restriction  of  the  recitation  rate  withdraws 
the  invaluable  gauge  of  the  initial  strength  of  the  associations 
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which  is  furnished  by  the  recitation  times,  if  the  subject  is  al- 
lowed to  recite  the  syllables  without  nervous  haste  and  yet  as 
fast  as  they  occur  to  him. 

b.  Even  if  the  recitation  rate  is  to  be  restricted,  slow  recita- 
tion should  not  be  required.    In  other  words,  the  subject  should 
be  required  to  recite  the  slow  series  not  at  the  rate  at  which 
they  were  presented  but  at  the  rate  at  which  he  recites  the  fast 
series.     At  first,  a  certain  emotional  disturbance  is  involved  in 
passing  from  slow  presentation  to  fast  recitation,  but  this  soon 
wears  off.     (This  the  writer  knows  by  experience  as  subject  in 
work  which  is  not  yet  ready  for  publication.)     If  the  series  are 
all  recited  at  the  same  rate,  one  can,  of  course,  compare,  as  re- 
gards firmness  of  associations,  only  the  effects  of  slow  and  ot 
fast  presentation  and  not  the  effects  of  the  slow  and  fast  travers- 
ing of  the  whole  series,  the  part  recited  as  well  as  the  part  pre- 
sented.   The  first  comparison,  however, — ^that  is,  the  comparison 
of  presentation  rates — is  simpler  and  needs  to  be  made  bef(« 
the  more  complicated  comparison  is  attempted.    In  any  case,  the 
artificial  lengthening  of  intervals  in  recitation  permits  and  con- 
ceals the  recitation  of  the  series  in  virtue  of  weak  and  laggii? 
associations,  allows  the  attention  of  some  subjects  to  wander, 
and  tempts  others  to  fill  up  the  pauses  by  inventing  far-fetched 
mnemonic  connections  or  by  making  private  reviews  of  parts  ot 
the  series,  reviews  which  are  not  counted  in  the  numbers  of 
repetitions  which  the  experimenter  guilelessly  sets  down  in  fc 
record-book. 

c.  Of  the  two  methods  of  gauging  retention  described  in  tht 
section  on  method,  the  second  is  greatly  preferable.  That  is,  it 
is  better  to  compare  the  ease  with  which  series,  learned  at  dif- 
ferent rates,  are  releamed  all  at  the  same  rate  than  to  compare 
the  fractions  of  work  saved  when  series,  learned  at  diflFerent 
rates,  are  relearned  at  the  rates  at  which  they  were,  respectively, 
learned.  The  objections  to  the  latter  method  are  perhaps  three. 
The  two  certain  objections  have  already  been  mentioned.  In  the 
first  place,  if  the  rate  of  recitation  is  restricted,  the  subject  is  as 
likely  to  be  frightened  in  relearning  as  in  learning  and  his  for- 
tuitous break-downs  in  relearning  obscure  the  residual  diflFercnce 


Digitized  by 


Google 


WELLESLEY  COLLEGE  STUDIES  IN  PSYCHOLOGY         151 

between  the  numbers  of  necessary  repetitions  and  learning  times. 
(For  illustration,  see  p.  116.)  In  the  second  place,  if  the  aver- 
age number  of  repetitions  is  accidentally  high  in  the  first  learn- 
ing, as  it  is  likely  to  be  if  the  subject  has  difficulty  in  reading 
or  in  "hearing"  tmfamiliar  syllables,  then  the  percentage  of  work 
saved  in  releaming  these  same  syllables,  now  more  familiar,  ex- 
aggerates the  firmness  of  the  associations  formed  in  learning.. 
If,  on  the  other  hand,  the  number  of  repetitions  necessary  to  the 
first  learning  is  approaching  unity  (as  when  G.  was  learning 
slowly  repeated  series  of  twelve  syllables),  it  is  numerically  im- 
possible that  the  saving  in  repetitions  should  be  large.  Lastly, 
it  is  at  least  possible  that  series  learned  and  releamed  at  a  slow 
repetition  rate  might  appear  to  be  better  (or  worse)  remembered 
than  series  learned  and  releamed  at  a  fast  rate,  not  because  they 
were  learned  at  a  slow  rate  but  because  they  were  releamed  at  a 
slow  rate.  In  other  words,  if  two  sets  of  series  were  learned  at 
the  same  rate  but  releamed  at  the  different  rates,  those  releamed 
at  the  slower  rate  might  appear  to  be  better  (or  worse)  remem- 
bered than  those  releamed  at  the  faster  rate.  It  is  very  possible 
that  one  repetition  rate  more  than  another  favours  the  revival  of 
associations  equally  moribund  when  the  releaming  commences. 
In  our  experiments  there  is  evidence  neither  for  nor  against  this 
supposition,  but  if  there  be  any  tmth  in  it,  then,  in  a  test  of  rela- 
tive firmness  of  associations,  series  learned  at  different  rates 
should  be  releamed  at  the  same  rate. 

In  conclusion,  the  writer  wishes  some  one  else  joy  in  making 
similar  experiments  under  conditions  more  favorable  than  she 
has  been  able  to  secure. 
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Editor^s  Note 

This  paper  contains  the  substance  of  a  thesis  which  was  pre- 
sented by  Josephine  Nash  Curtis  in  the  June  of  1912  to  the 
Academic  Council  of  Wellesley  College  in  partial  fulfilment  of 
the  requirements  for  the  degree  of  master  of  arts.  The  outcome 
of  the  experiments  was  such  as  to  justify  the  publication  of  the 
thesis  only  in  a  greatly  abridged  form.  The  work  of  cutting  the 
text  and  of  making  shorter  tables  has  been  done  by  the  editor 
with  material  assistance  from  Miss  Goss.  The  editor  has  re- 
written the  conclusions  ex  radice. 
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THE  RELATIVE  AMOUNTS  OF  FATIGUE  INVOLVED 

IN  MEMORIZING  BY  SLOW  AND  BY 

RAPID  REPETITION 

Introduction 

In  looking  over  the  literature  of  experimental  work  in  psy- 
chology, one  can  hardly  help  noticing  with  surprise  how  few  of 
the  many  and  detailed  memory  investigations  have  aimed  pri- 
marily to  discover  the  effect  of  the  rate  of  repetition  of  the 
material  to  be  memorized  upon  the  difficulty  of  memorizing, 
whether  this  difficulty  be  measured  by  the  number  of  repetitions 
or  by  fatigue.  The  general  purport  of  such  work  as  has  been 
done  is  to  shdw  that  a  rapid  rate  increases  the  number  of  repeti- 
tions necessary  for  complete  mastery,  but  decreases  the  total 
learning  time;  in  other  words,  that,  whereas  each  slow  repetition 
accomplishes  absolutely  more,  if  considered  with  reference  to 
the  amount  learned  per  repetition,  each  fast  repetition  accomp- 
lishes relatively  more  if  viewed  with  reference  to  the  amount 
learned  per  unit  of  time.* 

The  object  of  this  paper  is  to  present  a  comparison  of  the 
fatigue  effects  of  memorizing  normal  series  of  nonsense  syllables 
by  slow  and  by  rapid  repetition.  The  question  in  regard  to 
fatigue  is  two-fold :  ( i )  Is  fatigue  more  apparent  when  the  sub- 
ject memorizes  by  rapid  repetition  than  when  he  memorizes  by 
slow  repetition?  (2)  If  so,  is  the  fatigue  of  memorizing  at  a 
rapid  repetition  rate  so  great  as  to  cancel  the  time-saving  effect 
of  rapid  repetition  within  the  limits  of  a  laboratory  appointment 
lasting  three  quarters  of  an  hour?  A  question  of  minor  im- 
portance concerns  the  limit  at  which  decreasing  the  rate  of  pre- 
sentation  decreases   the  number   of   repetitions  necessary   for 

^See  Ogden,  Untersuchungen  Uber  den  Einfluss  der  Geschwindigkeit  des 
tauten  Lesens  auf  das  Erlemen  und  Behalien  von  sinnlosen  und  sinnvollen 
Stoffen,  Arch.  f.  d.  ges.  Psychol.  2  (1903),  PP.  163  f.;  Ephrussi,  Experi- 
mentelle  Beitrdge  zur  Lehre  vom  Geddchtnis,  Zeitschrift  f.  Psych,  und 
Physiol,  der  Sinnesorgane,  37  (1905),  pp.  i83f  f.;  and  Ebbinghaus,  Grundsuge 
der  Psychcflogie,  zweite  Aufgabe«  pp.  671  f.  Cf.  also  Jacobs,  Ueher  das 
Lemen  mit  ausserer  Localisiation,  Zeitschrift  f.  Psych,  und  Physiol,  der  Sin- 
nesorgane, 45  (1907),  pp.  66  f. 
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memorizing  and  the  limit  at  which  increasing  the  rate  of  pr^ 
sentation  diminishes  the  learning  time.  Ephnissi  raised  this 
question  but  gave  a  merely  speculative  answer. 

To  answer  the  first  of  the  two  questions  primarily  at  issue, 
vi£,,  the  question  as  to  whether  or  not  fatigue  is  more  apparent 
when  the  subject  memorizes  by  rapid  repetition,  one  must  solve 
the  difficult  problem  of  finding  a  simple  yet  efficient  measure  oi 
fatigue.  So  many  factors  enter  into  fatigue  that  it  is  practicaOj 
impossible  to  isolate  one  and  test  it,  and  it  seems  still  more 
useless  to  attempt  to  find  one  test  that  measures  all  the  facton 
at  once.  Then,  too,  individuals  apparently  differ  to  a  great 
extent,  both  in  the  amount  of  work  it  takes  to  fatigue  them  and 
in  the  way  in  which  fatigue  affects  them.  The  experimental 
study  in  fatigue  is  further  seriously  complicated  by  the  methods 
employed  by  different  experimenters  in  using  the  same  tea. 
This,  indeed,  sometimes  makes  it  impossible  to  compare  the 
results  of  different  investigators.  Tests  of  mental  fatigue  maf 
be  grouped  in  two  ways :  in  the  first  place,  as  physical  or  mental; 
in  the  second  place,  as  extrinsic  or  intrinsic.  In  the  intrinsic 
test,  fatigue  is  measured  by  the  speed  and  accuracy  with  whid 
the  subject  performs  the  same  work  that  has  fatigued  him;  ifl 
the  extrinsic  test,  the  fatigue  is  measured  by  his  comparativi 
efficiency  in  another  kind  of  work.  The  extrinsic  tests  actoalh 
employed  in  this  investigation  were  selected  rather  for  thdr 
simplicity  and  variety  than  because  of  any  unanimity  in  the  con- 
clusions of  those  experimenters  who  have  used  them.  Of  these 
the  only  physical  test  was  with  the  dynamometer.  The  mental 
tests  were:  reaction  time,  and  speed  and  accuracy  in  doing 
arithmetic* 

Subjects,  Materials  and  Methods 
The  subjects  used  in  these  experiments  were  seven  in  rm- 
ber,— Miss  Gamble,  "G.";  Miss  Agnes  Rockwell,  "R.";  Miss 
Florence  Banks,  "B.";  Miss  Cecilia  HoUingsworth,  "H.^  Miss 
Evelyn  Keller,  "K.";  Miss  Marjorie  Sawyer,  "S.";  and  Miss 
Nathalie  Williams,  ''W."     All  began  work  in  October,  191^ 

*For  a  brief  bibliography,   including   titles   of   experimenUl  studies  of 
fatigue,  see  pp.   185^190  below. 
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except  S.,  who  was  put  in  after  the  Christmas  vacation  to  take 
the  place  of  a  subject  whose  results  proved  so  erratic  as  to  be 
absolutely  useless  for  our  purpose. 

The  only  subject  who  had  had  much  experience  in  such  work 
was  G.,  who  was  the  principal  subject  of  the  earlier  memorizing 
experiments  in  this  laboratory.*  In  our  work  she  served  as 
subject  two  periods  each  week.  It  should  be  noted  that  in  this 
paper  the  length  of  a  period,  unless  otherwise  stated,  is  to  be 
understood  as  forty-five  minutes.  In  Groups  I  and  II  of  the 
following  experiments,  G.'s  periods  fell  on  different  days;  in 
Group  III  they  were  consecutive.  Subjects  H.,  K.,  and  S.  were 
all  Wellesley  College  seniors  taking  a  second  course  in  experi- 
mental psychology;  W.,  a  junior  taking  the  same  course;  and 
B.,  a  senior  who  had  had  only  one  course  in  experimental  psy- 
chology. All  these  subjects  served  one  period  a  week  for  the 
year,  except  S.,  whose  late  beginning  has  already  been  mentioned. 
R.,  who  acted  as  subject  one  period  a  week  in  Groups  I  and  II 
and  two  periods  a  week  (on  different  days)  in  Group  III,  was 
a  senior  taking  the  same  second-year  course. 

In  these  experiments  we  used  series  of  twelve  nonsense  sylla- 
bles made  in  imitation  of  the  normal  series  of  nonsense  syllables 
devised  by  Miiller  and  his  collaborators.  These  series  are  dis- 
cussed briefly  on  page  1 10  of  the  preceding  paper. 

All  the  series  were  aurally  presented  and  were  learned  by  the 
method  of  complete  memorizing.  The  rate  at  which  a  series 
was  presented  and  recited  was  regulated  by  a  metronome.  The 
experimenter  said  "Now"  on  one  beat  of  the  metronome,  waited 
a  beat,  and  then  began  to  present  the  series.  In  some  experi- 
ments, the  syllables  were  given  on  every  beat,  in  others  on  every 
other  beat,  and  in  still  others  on  every  third  beat.  When  the  ex- 
perimenter had  finished  reading  the  series,  she  waited  a  beat  and 
on  the  next  beat  said  "Now."  The  subject  was  then  expected  to 
repeat  the  series  from  the  beginning,  starting  on  the  next  beat 
but  one,  after  the  experimenter's"  Now,"  and  saying  the  syllables 
at  the  same  rate  at  which  they  had  been  presented.  If  the  sub- 
ject failed  to  give  a  syllable  on  the  proper  beat  of  the  metronome, 

«See  pp.  82  f.,  119  aiKl  122  £. 
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the  experimenter  gave  that  syllaMe  on  the  next  beat  and  then 
presented  the  remaining  part  of  the  series  at  the  prescribed  ratt 
If  the  subject  gave  a  wrong  syllable  on  any  beat,  the  experimenter 
interrupted  her  on  the  next  beat  with  the  correct  syllable,  ac- 
centing it  strongly  to  impress  the  subject  with  the  fact  that  she 
had  given  a  wrong  syllable.  The  experimenter  then  finished  the 
series,  waited  a  beat,  and  said  "Now"  as  in  the  first  prescntatioo. 
Once  more  the  subject  tried  to  recite  the  series  from  the  begin- 
ning and  was,  if  necessary,  prompted  or  corrected  by  the  ex- 
perimenter as  before.  This  procedure  continued  until  the  sub- 
ject succeeded  in  repeating  the  whole  series  correctly  and  on  the 
proper  beats  of  the  metronome.  The  experimenter  who  read  the 
series  to  the  subject  also  kept  the  record  of  her  attempts  at  ^^ 
production  by  making  columns  of  characters  beside  the  series* 
each  column  corresponding  to  an  attempt  of  the  subject 

Thus,  by  counting  the  colimins  of  signs,  we  knew  the  number 
of  repetitions  necessary  for  complete  mastery,  and  the  charactcn 
enabled  us  to  tell  at  what  point  in  each  repetition  the  subject 
broke  off,  and  the  nature  of  the  failure.  An  assistant  experi- 
menter kept  the  time,  starting  the  stop-watch  at  the  reader's 
"Now"  and  stopping  it  on  the  subject's  completing  a  perfect  reci- 
tation (that  is,  a  recitation  correct  and  given  at  the  proper  rate^ 
of  the  series.  This  second  experimenter  also  kept  the  records 
of  the  fatigue  tests. 

Inasmuch  as  the  point  at  issue  was  simply  to  discover  whidi 
rate  of  repetition  was  more  fatiguing,  it  was  necessary  to  diri- 
nate  in  the  two  sets  of  experiments  (with  slow  and  with  rapii 
repetition)  all  differences  other  than  rate  which  might  possibly 
occasion  differences  in  fatigue.  The  length  of  time  required 
for  learning  a  series  is  possibly  an  important  factor.  If,  for 
example,  it  takes  twice  as  long  to  learn  a  slow  series  as  to  Icani 
a  fast,  and  if  the  subject  shows  more  signs  of  fatigue  at  the 
end  of  the  slow,  it  would  be  impossible  to  say  how  much  of  4e 
fatigue  is  due  solely  to  the  rate  and  how  much  to  the  fact  that 
the  subject's  attention  has  been  kept  on  a  stretch  for  a  longer 
time.  It  would  also  be  impossible  to  say  whether  the  results  in 
the  case  of  the  "slow"  series  are  influenced  through  genuine 
fatigue  or  merely  through  ennui.    In  order  to  eliminate  as  far 
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as  possible  these  difficulties,  we  endeavored  to  find  two  rates  of 
repetition,  one  fast  and  one  slow,  which  required  approximately 
the  same  learning  time.  This  proved  not  to  be  difficult,  for  we 
fotmd  from  a  few  skirmishing  experiments  with  all  the  sub- 
jects that  as  we  increased  the  rate  of  repetition  from  very  slow 
to  very  fast,  the  total  learning  time  grew  shorter  and  then 
again  longer.  It  is  evident,  of  course,  that  if  one  finds  that  a 
series  given  slowly  takes  no  longer  than  a  series  given  rapidly, 
it  must  be  because  the  fast  series  is  repeated  too  fast  to  save 
time.  The  question  regarding  the  point  at  which  increasing 
rate  of  repetition  ceases  to  economize  time  is,  it  will  be  remem- 
bered, one  of  the  secondary  considerations  of  this  study. 

Our  experiments  fall  naturally  into  three  groups.  In  Group 
I,  the  preliminary  experiments,  the  purpose  was  to  discover  at 
what  two  rates  the  subjects  had  about  the  same  total  learning 
time.  In  these  we  first  gave  the  subjects  series,  as  already  de- 
scribed, at  the  rates  60/100,  60/75,  60/60,  60/30,  60/20  and 
60/15.  This  method  of  differentiating  between  rates  shows  the 
relationship  between  the  seconds  occupied  in  giving  a  certain 
number  of  syllables  and  the  number  of  syllables  given,  the 
numerator  showing  the  former  and  the  denominator  the  latter. 
For  example,  the  rate  60/100  means  that  at  this  rate  one  hun- 
dred syllables  would  be  presented  in  sixty  seconds  or,  in  other 
words,  that  the  twelve  syllables  were  actually  presented  at  the 
rate  of  one  syllable  to  every  6/10  of  a  second.  We  soon 
abandoned  the  60/100  and  60/15  rates,  as  we  found  that  the 
rate  60/100  was  obviously  too  fast  to  economize  time  and  that 
the  rate  60/15  was  obviously  too  slow  to  economize  the  number 
of  repetitions.  The  sets  of  rates  finally  chosen  for  the  different 
subjects  were  as  follows : 

G.  60/60  —  60/20 

R.  60/75  —  60/20 

B.  60/60  —  60/20 

H.  60/60- — 60/30 

K.  60/75  —  60/30 

S.    60/75  —  60/30 

W.  60/75  —  60/30 
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As  will  be  seen  later,  the  success  of  this  plan  was  somewhat 
impaired  by  the  fact  that  some  of  the  subjects  seemed  to  be 
affected  at  one  rate  by  practice  much  more  than  at  others. 

When  the  rates  to  be  used  were  finally  determined,  Groups  II 
and  III  of  the  experiments  were  performed.  In  Group  II,  a 
number  of  fatigue  tests  were  made  at  the  b^innii^  of  the 
period,  and  were  interpolated  after  the  memorizing  of  every 
two  series.*  The  experiments  of  Group  III  differed  from  those 
of  Group  II  in  the  facts  ( i )  that  only  one  extrinsic  test  of 
fatigue  was  used,  and  (2)  that  a  greater  ntmiber  of  series  were 
learned  at  each  sitting,  and  that  the  subject's  gradual  loss  of 
efficiency  in  memorizing  was  regarded  as  the  chief  index  of 
fatigue.  In  these  two  groups,  all  the  series  presented  in  cme  day 
were  given  at  the  same  rate.  The  rate  to  be  used  each  day  was 
determined  according  to  a  compensating  program  in  order  to 
prevent,  as  far  as  possible,  series  given  at  either  rate  from  having 
the  advantages  of  practice  more  than  series  given  at  the  other 
rate. 

We  have  outlined  our  procedure  in  performing  the  memory 
experiments  and  have  differentiated  between  the  three  groa|K 
into  which  the  experiments  fell.  We  come  now  to  the  considera- 
tion of  the  fatigue  tests.  The  results  of  all  previous  attempb 
to  measure  fatigue  have  proved  so  very  contradictory  that  we 
decided,  as  already  noted,  to  choose  as  many  and  varied  extriosc 
tests  as  seemed  practicable  in  consideration  of  the  time  and 
apparatus  at  our  disposal.  The  tests  employed,  for  a  longer  or 
shorter  period,  were :  ( i )  tests  of  muscular  strength  made  with 
two  different  dynamometers;  (2)  tactile-reaction  time;  (3I 
auditory-reaction  time;  (4)  free-association  time;  (5)  a  test  of 
appreciation  for  rh)rthm  made  with  a  telegraph  key,  an  dectric 

*At  the  very  first,  wc  introduced  the  tests  after  every  scries  kanei 
However,  we  soon  abandoned  this  procedure  as  we  found  diat  t)ie  tests 
often  occupied  more  time  than  the  learning  of  the  single  series,  so  tbat  ^ 
fatigue  at  the  end  of  a  period  might  be  due  more  to  the  tests  themselves  tlaB 
to  the  memorizing.  Of  course,  the  tests  in  question,  when  made  at  ^ 
beginning  of  the  period  were  not,  properly  speaking,  fatigue  tests  at  all 
but  merely  tests  of  normal  efficiency. 
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pen  and  a  kymograph;  (6)  a  test  of  the  delicate  muscular  co- 
ordination involved  in  needle-threading;  (7)  tests  of  speed  and 
accuracy  in  arithmetical  calculation.  Tests  5  and  6  were  speedily 
abandoned  on  account  of  glaring  inconsistencies  in  the  results. 
The  arithmetic  tests  are  the  only  extraneous  tests  which  proved 
at  all  satisfactory.  The  procedure  in  the  various  tests  was  as 
follows : 

The  dynamometer. — In  this  test  we  used  at  first  a  piece  of 
apparatus,  consisting  primarily  of  a  suspended  spring  balance, 
described  by  Titchener  in  his  "Experimental  Psychology,  Stu- 
dent's Manual,  Qualitative,"  1899,  page  100,  and  manufactured 
by  Stocking  and  Co.  This  dynamometer  proved  useless,  for  even 
after  limiting  the  performance  so  as  to  require  the  subject  to 
keep  the  handle  between  the  second  and  third  joints  of  her  fingers 
and  to  keep  her  feet  off  the  floor  (to  prevent  additional  leverage 
from  bracing),  we  found  it  impossible  to  be  sure  that  the  subject 
was  using  the  same  set  of  muscles  all  the  time.  The  second 
dynamometer  used  was  one  of  the  elliptical-grip  order,  manu- 
factured by  Thomas  A.  Upham  of  Boston.  With  this  instru- 
ment the  subject  was  required  to  use  only  her  right  hand  and  to 
squeeze  as  hard  as  possible,  and  she  was  not  allowed  to  stand  in 
making  the  test. 

TacHle-reacHon  time. — In  this  test  we  used  Sanford's  vernier 
chronoscope  as  manufactured  by  Stoelting. 

Sound-reaction  time. — ^Again  we  used  the  vernier  chronoscope 
making  the  auditory  signal  by  rapping  sharply  on  the  releasing 
key  with  a  piece  of  wood.  We  made  no  specification  in  either 
of  these  experiments  as  to  whether  the  reaction  was  to  be  sen- 
sorial or  muscular. 

Free-association  time. — ^This  we  measured  by  a  Hipp  chrono- 
scope connected  in  circuit  with  a  fall-screen  and  a  lip-key  in 
such  a  way  that  when  the  screen  fell,  exposing  the  stimulus 
word  on  an  upright  tablet  behind  the  screen,  the  circuit  was 
broken  and  the  chronoscope  started.  As  soon  as  the  subject 
dropped  the  lip-key  by  giving  the  reaction  word,  the  circuit  was 
made  and  the  chronoscope  stopped.  The  subject  G.  had  diffi- 
culty in  reading  the  words  at  the  distance  at  which  it  was  neces- 
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sary  to  expose  them  and  therefore  had  to  have  her  stimuhis 
words  auditory  instead  of  visual.  In  order  to  prevent  the  ne- 
cessity of  rearranging  the  apparatus  for  auditory  stimuli  the 
experimenter  dropped  the  screen  at  the  same  time  that  she  spoke 
the  word.  The  stimulus  words  were  all  one-syllable  nouns  and 
only  names  of  visible  things  were  used.  The  reaction  word  of 
the  subject  was  not  recorded. 

Appreciation  of  rhythm. — ^It  was  suggested  at  the  banning 
of  these  experiments  that  inasmuch  as  some  authors^  claim  that 
the  cause  of  many  factory  accidents  is  the  loss  of  the  apprecia- 
tion of  rhythm  by  the  employees,  it  might  be  interesting  to  find 
whether  mental  fatigue  would  bring  about  any  loss  in  apprecia- 
tion of  rhythm.  To  test  this  we  required  the  subject  to  tap  on 
a  telegraph-key  connected  with  a  magnet  pen  which,  as  the  key 
made  and  broke  the  electric  circuit,  traced  a  zigzag  line  on  a 
kymograph.  The  subject  was  required  to  strike  the  key  on 
certain  metronome  beats  in  a  somewhat  complicated  rhythm 
which  she  was  required  to  read  into  the  beats  of  the  instrument 
set  at  the  rate  60/100.  The  results  of  the  experiment,  however, 
were  absolutely  negative,  i.e.,  no  subject  failed  at  any  time  to 
tap  at  exactly  the  right  moments;  and,  therefore,  no  mention 
will  be  made  of  this  test  in  the  discussion  of  results. 

Speed  and  accuracy  in  arithmetical  calculation.' — The  first  test 
was  in  addition  of  colunms  of  the  ten  digits  arranged  by  chance. 
The  subject  was  required  to  add  as  far  up  a  column  as  she  could, 
in  thirty  seconds,  with  certainty  of  correctness.  A  record  was 
kept  of  the  number  of  digits  added,  the  sum  obtained,  and  the 
correctness  of  the  answer.  The  second  arithmetical  test,  used 
only  in  Group  III  and  the  only  extraneous  test  in  this  period,  was 
in  the  multiplication  of  the  ten  digits  arranged  by  chance  to  form 
two  five-place  numbers.  The  subject  was  required  to  multiply 
the  nvmibers  as  rapidly  as  possible  with  certainty  of  correctness, 
and  a  record  was  kept  of  the  time  taken  and  also  of  any  mis- 

'Bogardus,  £.  S.  The  Relation  of  Fatigue  to  Industrial  Accidents,  Ami. 
Jour,  of  Sociol.,  17,  pp.  220-222;  Brandeis,  L.  D.,  Women  in  Industry,  De- 
cision of  the  United  States  Supreme  Court  in  Curt  MuUer  vs.  State  of 
Oregon,  Reprinted  for  the  National  Consumers'  League. 
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takes  made.  The  multiplication  test  was  not  introduced  in 
Group  III  after  every  two  series,  as  were  the  tests  in  Group  II, 
but  only  three  or  four  times  in  a  period. 

Our  experimental  procedure  has  now  been  described.  The 
methods  used  in  the  calculation  of  all  the  results  of  this  investi- 
gation were  as  follows:  Results  of  any  one  kind  for  different 
days  of  the  experimental  group  were  recorded  in  horizontal  line^ 
placed  under  each  other  so  that  the  corresponding  figures  for 
any  given  task  on  all  the  different  days  could  be  readily  added 
and  averaged.  For  example,  the  numbers  of  repetitions  required 
by  G.  for  learning  the  first  series  given  on  each  day  were  written 
in  a  vertical  coltmin ;  the  figures  for  the  second  series  were  writ- 
ten in  another  vertical  column ;  the  figures  for  the  first  addition 
test  were  written  in  still  another  column,  and  so  on.  The  tables 
and  other  numerical  statements  given  in  the  next  section  are 
self-explanatory,  except  for  the  use  of  percentages.  The  extrinsic 
fatigue  tests  varied  so  much  in  imits  of  measurement  that  it  was 
necessary  to  find  some  common  measure,  if  the  figures  for  the 
different  tests  were  to  be  properly  compared.  We  finally  decided 
upon  the  following  procedure:  The  first  performance  of  any 
given  kind  on  each  day,  e.g.,  the  time  taken  for  a  tactile  reaction 
before  any  memorizing  had  been  done,  was  taken  as  the  normal 
performance  of  its  kind  and  was  treated  as  unity.  We  next 
found  the  percentages  of  the  first  result  that  the  figures  obtained 
upon  each  of  the  succeeding  trials  represented.  By  this  method 
we  had  all  our  results  in  the  same  terms  {i.e.,  percentages)  and 
were  able  \o  compare  the  changes  arising  in  the  results  of  the 
various  tests. 

In  most  of  the  tests  the  results  of  all  the  subjects  have  been 
averaged  together,  as  well  as  for  each  individual,  and  the  results 
of  all  the  subjects  except  G.  and  K.  have  also  been  massed  apart 
from  the  results  of  these  two  subjects.  The  latter  procedure 
seemed  admissible  in  view  of  the  fact  that  the  results  of  B., 
H.,  R.,  and  W.  showed  about  the  same  trend.  The  results  of 
G.  and  K.  diverged  decidedly  and  could  not  be  included  without 
obliterating  all  the  significance  of  the  averages. 
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Numerical  Results 
In  this  section  the  results  of  the  extraneous  tests  and  the  signs 
of  fatigue  displayed  by  the  changes  in  the  numbers  of  repeti- 
tions necessary  for  learning  the  series  will  be  considered.  The 
results  of  Group  II  and  of  Group  III  will  be  discussed  together 
as  far  as  possible,  since  these  groups,  as  will  be  remembered, 
differed  not  in  general  method  or  aim,  but  merely  in  the  extran- 
eous tests  used  and  in  the  number  of  series  learned  in  a  period. 
The  tentative  nature  of  the  first  group  of  experiments  has  al- 
ready been  stated;  the  results  for  each  of  the  many  rates  em- 
ployed were  few  and  need  no  further  discussion  here. 

I.    Extraneous  Tests 

Dynamometer  tests. — ^Tests  made  with  the  spring-balance 
dynamometer  (Stoelting's)  proved  entirely  unsatisfactory  on 
accotmt  of  the  different  sets  of  muscles  brought  into  play  1^  the 
same  subjects  in  different  trials.  Tests  made  with  an  elliptical- 
grip  dynamometer  showed  for  the  principal  subject  G.  no  con- 
sistent change  in  muscular  strength  during  the  process  of  memo- 
rizing. The  tests  were  therefore  abandoned  at  so  early  a  date 
that  the  results  for  the  other  subjects  are  too  few  to  be  discussed 
seriously. 

Tests  of  reaction  time. — ^The  figures  for  auditory  and  for 
free-association  reaction  time  are  extremely  inconsistent  for 
each  individual  subject  and  have  therefore  been  entirely  dis- 
carded. The  results  of  the  tests  of  tactile-reaction  time  are 
parallel  to  those  of  the  test  with  the  elliptical-grip  dsmamometer: 
the  subject  G.  showed  no  consistent  increase  or  decrease  of 
reaction  time  when  memorizing  either  with  fast  or  with  slow 
repetition.  The  results  for  the  other  subjects  are  too  few  to  be 
presented  in  detail.  It  should  be  noted,  also,  in  regard  both  to 
the  dynamometer  and  to  the  tactile  reaction  time  experiment 
that  the  results  for  G.  (in  so  far  as  they  show  anything)  and  the 
results  for  the  other  subjects  (as  far  as  they  go)  are  in  direct 
contradiction  to  one  another.  These  results,  therefore,  have  also 
been  set  aside. 

Arithmetic  tests. — In  the  addition  test  the  results  had  to  be 
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calculated  in  a  manner  somewhat  more  complicated  than  that  of 
the  other  tests,  for  we  had  to  take  into  account  not  only  the 
number  of  digits  added  in  the  given  time  but  also  the  sum  ob- 
tained.   This  was  necessary  because  it  is  of  course  harder  to  add 
a  number  of  large  digits  than  the  same  number  of  small  ones, 
and  if  the  majority  of  the  digits  in  a  certain  column  happened  to 
be  large,  the  subject  would  not  be  able  to  add  as  many  as  if  they 
had  been  small,  but  the  sum  obtained  would  be  larger.    The  num- 
ber of  figures  added  and  the  sums  obtained  were  added  sepa- 
rately ;  the  resulting  sums  for  the  different  trials  were  then  rep- 
resented by  percentage  in  the  manner  described  on  p.  165,  the  first 
percentage  of  each  kind  being  treated  as  unity ;  the  two  sets  of  per- 
centages were  then  averaged  and  the  final  average  percentages  are 
those  taken  into  consideration.    The  results  of  G.  diverge  greatly 
from  thos.e  of  the  other  subjects.    In  memorizing  by  fast  repe- 
tition she  shows  a  steady  decrease  in  the  amount  of  work  done, 
supplemented  by  a  final  spurt  at  the  end.    In  the  fourth  addition 
test  on  each  day  (the  test  given  after  six  series  had  been  memo- 
rized)   her  efficiency  is  only  81%    of  her  average  efficiency 
at  the  beginning  of  a  sitting.    A  terminal  spurt  is  manifested  in 
the    rise    of    her    efficiency    to    88%    in    the    fifth    and   last 
addition  test.     In  memorizing  with  the  slow  series  G.  shows 
practically  no  change  in  ability  to  do  addition.     R.'s  later  effi- 
ciency percentages  are  always  smaller  than  her  normal  and,  on 
the  whole,  show  more  deterioration  through  memorizing  by 
slow  repetition.    B.  shows  a  steady  decrease  in  amount  of  work 
done  after  the  "slow"  series  and  a  very  decided  increase,  falling 
off  somewhat  at  the  end,  after  the  "fast."    In  the  fourth  of  the 
addition  tests,  given  in  the  course  of  memorizing  by  slow  repe- 
tition, her  efficiency  percentage  is  only  69.    In  the  third  of  the 
tests  given  in  the  course  of  memorizing  by  fast  repetition,  the 
percentage  rises  to  126  dropping  to  106  on  the  fourth  and  last 
test.    The  averages  obtained  from  the  results  of  all  the  subjects, 
including  G.  and  K.,  are  worth  little,  showing  merely  that  the 
subject's  efficiency  is  never  as  great  in  the  later  trials  as  in  the 
first,  but  exhibiting  no  difference  between  the  results  obtained 
in  the  course  of  memorizing  with  slow  repetition  and  those  ob- 
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tained  in  the  course  of  memorizing  with  fast,  and  showing 
no  progressive  change  in  efficiency  in  either  set  of  experiments. 
If,  however,  the  results  of  G.  and  K.  be  excluded  from  the  aver- 
ages it  would  seem  that  ability  to  add  always  deteriorates  in  the 
case  of  the  slow  series  while  in  the  case  of  the  fast  series  it  at 
first  increases  slightly  and  then  decreases  slightly.  In  the  case 
of  these  tests,  imlike  the  last  two  sets  or  reaction-time  experi- 
ments, it  is  admissible  to  average  the  results  of  R.,  B.,  H.,  and 
W.,  for  all  show  the  same  general  trend.  With  one  exception 
(H.)  more  mistakes  were  made  in  the  arithmetic  when  the  sub- 
jects were  memorizing  at  the  slower  rate. 

The  multiplication  test  was  the  only  extraneous  test  used  in 
the  third  group  of  experiments  whereas  the  addition  test  was  one 
of  a  number  used  in  Group  II.  The  use  of  the  multiplication  in 
place  of  the  addition  test  has  the  following  advantages:  (i) 
Closer  concentration  is  secured;  (2)  the  setting  of  a  relatively 
difficult  example  in  multiplication  demands  less  space  than  the 
setting  of  a  sum  in  addition.  On  account  of  this  second  circum- 
stance, the  figures  could  be  written  larger  and  variations  between 
subjects  due  to  differences  in  ease  in  reading  the  numbers  couM 
be  avoided.  In  the  multiplication  tests  we  improved  upon  our 
procedure  in  the  addition  tests  by  measuring  the  time  required 
for  performing  the  task  set  instead  of  measuring  the  amount  of 
work  done  in  a  given  time.* 

The  multiplication  test  gives,  in  general,  results  which  differ 
at  many  points  from  those  obtained  from  the  addition  test  G.'s 
results  show  decrease  in  speed  of  multiplying  after  memorizing 
with  rapid  repetition  and  an  alternation,  probably  accidental,  be- 
tween decrease  and  increase  in  speed  after  memorizing  with  slow 
repetition.  Thus,  G.'s  results  in  the  multiplication  test  fall  fairly 
well  into  line  with  her  results  in  the  addition  test.  This  asser- 
tion, however,  cannot  be  made  for  all  the  other  subjects.  For 
example,  R.,  who  in  the  addition  test  lost  efficiency  in  the  case 
of  both  the  fast  and  slow  series,  here  in  the  multiplication  test 
loses  in  efficiency  in  the  fast  series  but  gains  in  the  slow,  and  B., 

•Thorndikc,  E.  L.,  An  Introduction  to  the  Theory  of  Mental  and  Social 
Measurements,  p.  14^ 
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who  in  the  addition  test  lost  in  the  slow  and  gained  in  the  fast, 
here,  in  the  multiplication  test,  gains  in  both.  In  the  multipli- 
cation tests  the  results  of  B.,  H.,  S.,  and  W.  are  all  fairly  con- 
sistent with  one  another  and  show  a  gain  in  efficiency  with  both 
the  fast  and  the  slow  series.  K.  is,  as  usual,  at  variance  with 
the  other  subjects  and  shows  marked  deterioration  in  the  case  of 
both  slow  and  fast  series.  Thus,  the  figures  from  the  two  kinds 
of  arithmetical  tests  taken  in  combination  show  little  or  nothing 
in  regard  to  the  fatigue-effects  of  the  two  rates  of  memorizing. 
G.'s  results  alone  are  consistent  and,  as  we  shall  see,  G.  is  prob- 
ably the  only  subject  (except  perhaps  K.)  who  suffered  real 
fatigue.  In  the  case  of  the  other  subjects,  the  variations  are- 
undoubtedly  accidental. 

The  proportions  of  the  total  number  of  examples,  done  by  all 
the  subjects  in  a  period,  which  show  mistakes  are  as  follows : 


Slow 

Fast 

Example    I,    9% 

Example    I.  2\% 

11,22% 

11,24% 

III.  ii^fc 

in,  33% 

IV.    8% 

IV,  33% 

That  is,  in  general  there  were  many  more  mistakes  with  the  fast 
rate  than  with  the  slow.  During  the  course  of  the  experimental 
period  with  the  slow  series,  the  number  of  mistakes  increases 
suddenly  and  then  in  the  last  trial  decreases  slightly;  with  the 
fast  series,  the  number  of  mistakes  made  increases  slightly.  The 
discrepancies  in  the  results  of  the  extraneous  tests  are  discourag- 
ing in  view  of  the  fact  that  the  subject  G.,  whose  results  are 
more  numerous  by  far  than  those  of  any  other  subject,  persist- 
ently differs  from  the  other  subjects  in  so  far  as  the  latter  ex- 
hibit any  common  trend.  It  was  exactly  on  account  of  the 
equivocal  results  furnished  by  the  extraneous  tests  in  Group  II, 
that  the  only  extraneous  test  used  in  Group  III  was  the  multi- 
plication test  just  described.  It  is  to  be  regretted,  however,  that 
the  method  of  extraneous  tests  was  not  entirely  abandoned, 
since,  as  will  later  appear,  the  best  gauge  of  fatigue  was  the 
gradual  deterioration  of  efficiency  in  memorizing,  and  since  the 
interpolation  of  even  one  extraneous  test  gave  the  subject  a 
change  of  occupation,  arrested  fatigue,  and  hampered  us  in  the 
use  of  this  intrinsic  criterion. 
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11.    The  Intrinsic  Test 

The  intrinsic  criterion  of  fatigue  is  the  change  in  the  number 
of  repetitions  necessary  for  memorizing.  The  more  important 
results  of  the  investigation  are  presented  in  Tables  i  and  2. 
Table  i  exhibits,  for  the  subject  G.,  the  numbers  of  repetitions 
necessary  to  learn  the  series  arranged  according  to  their  time- 
position  on  the  different  days.  Table  2  covers  the  corresponding 
results  for  the  other  subjects.  Each  one  of  these  tables  contains 
results  from  both  the  second  and  the  third  groups  of  experiments. 
The  abbreviations  s  and  /  as  used  in  the  headings  of  both  tables 
stand  respectively  for  the  "slow"  and  "fast"  rates  of  repetition 
compared.  The  numerals  .in  parenthesis  after  the  ^  and  /  stand 
for  the  numbers  of  series  rq>resented  in  the  averages. 

As  recorded  in  the  tables,  the  results  of  all  the  tests  seem 
meagre.  It  must  be  remembered,  however,  that  the  results  have 
been  separated  according  to  their  position  in  the  series  of  tests 
made  on  each  day  {Zeitlage)  and  that,  therefore,  although  really 
a  great  many  experiments  were  made,  there  are  but  few  results 
of  any  one  kind.  The  most  striking  example  of  this  is  the  work 
of  the  subject  G.  in  Group  III.  G.  learned  192  series  of  nonsense 
syllables,  but  the  number  of  series  learned  at  each  rate  and  time- 
position  is  only  4.  The  results  of  subject  G.  (found  in  Table  i), 
and  of  R.  and  B.  (foimd  in  Table  2)  are  the  most  noteworthy 
because  G.  and  R.  had  had  practice  in  working  with  nonsense 
syllables  and  so  had  no  difficulty  in  apprehending  them,  and  be^ 
cause  the  results  obtained  from  these  three  subjects  are  more 
numerous  than  the  results  of  H.,  K.,  and  W.  In  Group  2,  the 
results  of  the  subjects,  taken  individually,  are  inconclusive.  G.'s 
efficiency  clearly  deteriorated  in  the  course  of  the  period  but  not 
uniformly  and  not  at  one  rate  more  than  at  the  other.  If  a  few 
scattering  results  obtained  from  R.  on  days  when  she  happened  to 
learn  more  series  than  usual  be  discarded,  it  is  evident  that  the 
subject's  ability  to  learn  decreases  rather  steadily  during  the 
course  of  the  day's  experiments,  with  slow  repetition,  whereas 
with  fast  there  is  at  times  a  slight  improvement  and  at  others 
a  deterioration.  R.'s  loss  of  efficiency,  however,  is  never  as  great 
with  the  fast  series  as  it  is  with  the  slow.    B.  shows  no  loss  of 


Digitized  by 


Google 


'^ 

rooq  to^Ooo  P 

M 

i 

rN.ooo  ^t/> 

o 

«44 

2 

00  o.  «7»9qoq 

'I- 

M    M    N    N   eOM 

C4 

«a 

1 

O^O   »-    N   fO^ 

•-«    C4    C4    n    N    N 

* 

^ 

00  oq  oq  tn  (o  q 

f^ 

•^uvooo  mrN. 

>d 

«<-i 

'^ 

c^rofooq  q  fo 

t 

ei  N  N  N  c^ei 

n 

•B 

1 

v«^<^w>o  r^oo 

^-( 

§• 

g 

'^ 

foinqoq  q  fo 

t* 

o 

MM 

«n  ^  '^  \r>sO  o 

\r% 

3 

»no  q  \nt*yoo 

*0 

m    fOM   N   eON 

u 

«a 

1 

r^oo  O^O  ►^  N 

M     M     M 

CO 

^ 

»nq  q  foq  co 

to 

^  w>0  ^'VO  »n 

1^ 

•M 

'^ 

00 00  »9»oq  *9 

•? 

M  M  M  M  ro  e« 

M 

•B 

•B 

S 

M    N   fO-^UTnO 

^.^ 

N 

M  r>.  ^  ^  fo^q  ro>q 

,^ 

^tnuimiAO  "*^0 

•M 

.....^ 

^-( 

fO 

o^o  N  r>.»ivq  o^'^ 

^-< 

■^ 

MNNetNNMM 

§• 

«a 

g 

4> 

o 

s 

SP 

*5 

M  N  m^uvo  rN.00 

Jj 

en 

^ 

Digitized  by 


Google 


172  JOSEPHINE  NASH  CURTIS 

efficiency  during  the  period,  but  on  the  contrary  an  increase  with 
both  rates.  This  increase  is  greater  with  the  slowly  repeated 
series.  The  results  of  H.,  W.,  and  K.  are  too  meagre  to  receive 
more  than  passing  comment.  H.  shows  deterioration  during  the 
period  with  the  slow  series  and,  at  first,  improvement  and  then 
deterioration  with  the  fast  W.  shows  improvement  with  the 
slow  and  deterioration  with  the  fast  K.'s  second  trial  shows, 
with  the  slow,  an  increase  in  the  number  of  necessary  repetitions; 
with  the  fast  a  decrease.  K.'s  results  for  later  trials  show  im- 
provement to  about  the  same  degree  for  both  rates.  When  the 
results  of  the  subjects  are  averaged  (whether  with  or  without 
G.  and  K.)  they  seem  to  show  that  the  subject's  ability  to  memo- 
rize improves  from  the  banning  of  the  period  with  the  slow 
series,  while,  with  the  exception  of  a  terminal  spurt,  it  grows 
less  with  the  fast  series.  No  importance,  however,  may  be  at- 
tached to  this  seemingly  definite  result,  for  it  is  evident  from 
Tables  i  and  2  that  with  such  great  individual  differences  an 
average  is  meaningless. 

It  will  be  remembered  that  in  the  experiments  of  Group  II,  a 
number  of  fatigue  tests  were  interpolated  after  the  memorizing 
of  every  second  series.  This  fact  justifies  the  suspicion  that  a 
or  most  of  the  subjects  were  spared  real  fatigue  by  the  change 
of  occupation.  In  the  experiments  of  Group  III,  which  have 
now  to  be  considered,  larger  numbers  of  series  were  memorized 
without  the  interruption  of  a  fatigue  test.  The  multiplication 
test  when  it  occurs,  divided  the  series  into  groups. 

In  Group  III,  in  considering  the  variations  in  the  number  of 
repetitions  necessary  for  memorizing  the  series,  the  results  will 
be  treated  first  just  as  those  from  Group  II  were  treated,  and  then 
afterwards,  changes  grosser  than  those  from  one  single  series  to 
another,  i.e.,  changes  from  one  set  of  series  learned  between  two 
multiplication  tests  to  another  such  set,  will  be  discussed.  The 
subject  G,  who  was  working  a  double  period,  learned  twaity- 
four  series  a  day.  The  number  of  series  learned  between  the 
interpolated  tests  was  six.  This  division  into  sets  is  i^ainly 
shown  in  Table  i  and  the  numbers  of  series  in  each  set  arc  aver- 
aged separately.    In  the  case  of  the  other  subjects,  the  multipli- 
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cation  tests  divided  the  series  memorized  into  halves  or  thirds. 
This  division  could  not  be  shown  in  Table  2  but  is  indicated 
below  in  the  texL 

Treated  by  the  first  method,  G/s  results  are  inconclusive.  With 
tH'O  exceptions  (series  7  in  the  slow  set  and  series  9  in  the  fast), 
this  subject  on  the  average  never  learns  any  of  .the  later  series 
in  the  period  in  fewer  repetitions  than  she  needed  for  the  first 
series.    Her  ability  to  memorize,  however,  does  not  deteriorate 
in  any  regular  way.     For  the  first  fourteen  series  learned  in  a 
day  greater  deterioration  is  shown,  in  general,  with  the  slowly 
repeated  scries,  whereas  for  the  last  ten  of  a  day's  series  greater 
deterioration  is  shown,  in  general,  with  the  rapidly  repeated 
series.     The  subject's  exfrfanation  of  the  figures  will  be  given 
in  the  paragraphs  devoted  to  introspection.'^     R.'s  results  are 
apparently  more  positive.     With  one  exception  (series  6  in  the 
fast  set)  her  results  show  that  the  first  series  of  a  day  is  learned 
with  fewer  repetitions  than  are  any  of  the  succeeding  seri^ 
The  loss  of  ability  to  memorize,  however,  is  always  greater,  for 
the  slow  series  than  for  the  fast.     B.'s  results  show  that  her 
efficiency  increases  at  first  with  both  rates  and  decreases  at  the 
last  with  both  rates.    Much  greater  variations  from  the  average 
number  of  repetitions  required  for  learning  the  first  series  arc 
shown   in   the  slowly  repeated   series   than    in   those   repeated 
rapidly.    H.'s  results  for  both  rates,  except  for  a  slight  improve- 
ment in  series  2  of  the  fast  set,  show  deterioration  during  the 
course  of  a  period's  memorizing.    This  subject,  however,  shows 
practically  no  difference  between  the  effects  produced  by  the  two 
rates,  for  both  show  a  great  loss  of  ability  about  the  middle  of 
the  period  and  a  final  spurt  at  the  end.    H.'s  slow  series  give  re- 
sults which  are  slightly  more  variable  than  those  of  her  fast 
series.    W.'s  results  show,  with  two  slight  exceptions,  improve- 
ment during  the  course  of  a  day's  experiments.     Her  results 
for  the  slow  series  are  much  more  variable  than  her  results  for 
the  fast,  and  the  improvement  in  ability  to  memorize  is  much 
more  marked  with  the  slow  series.    K.'s  results,  as  first  calcu- 
lated, are  inconclusive.      The   subject,    however,    changed  her 

'C/.  pp.  31-32. 
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method  of  memorizing  during  the  course  of  the  experiments, 
and,  if  the  results  obtained  under  this  new  method  alone  be  con- 
sidered, we  find  a  very  decided  improvement  during  the  period, 
except  for  the  last  series  with  the  fast  rate.  The  results  for 
the  slowly  repeated  series  are  much  more  variable  than  those 
for  the  series  rapidly  repeated.  The  results  of  S.  show  with 
both  rates  an  increase,  during  the  period,  in  the  number  of  repeti- 
tions necessary,  or,  in  other  words,  a  decrease  in  ability.  In 
general  this  change  is  more  marked  with  the  slow  series  but 
the  difference  is  slight. 

From  the  comparisons  just  made  we  gain  very  few  conclusions. 
The  most  important  is  that  with  nearly  all  the  subjects  the  re- 
sults for  the  slow  series  reach  values  which  differ  more  from 
the  normal  than  the  values  for  the  fast  series  differ.  The  results 
for  the  different  subjects  may  be  contrasted  as  follows :  G.,  B., 
and  H,  show  no  decided  difference  in  the  effects  of  the 
two  rates,  although  B.  improves  with  both  rates  and  G.  and  H. 
deteriorate  with  both.  R.  and  S.  show  greater  deterioration 
with  the  slow  rate  though  they  also  lose  in  efficiency  with  the 
fast.  W.  shows  greater  improvement  with  the  slow  rate  though 
some  improvement  with  both.  K.,  like  B.,  improves  about  equally 
with  both  rates  except  for  a  drop  at  the  very  end  of  the  period 
when  memorizing  at  the  fast  rate. 

The  results  of  Group  III  will  now  be  treated  by  the  second 
of  the  two  methods  mentioned  above,  the  massing  method.  In 
order  to  compare  the  changes  in  efficiency  caused  by  memoriz- 
ing at  the  different  rates,  by  larger  steps  than  from  series  to 
series,  the  results  of  all  the  series  which  any  subject  learned  be- 
tween two  successive  multiplication  tests  have  been  averaged 
together  and  treated  like  the  results  of  one  series.  This  method 
of  treatment  gives  the  general  trend  of  a  period's  work  and 
avoids  the  confusion  introduced  by  the  more  accidental  varia- 
tions in  the  individual  series.  It  is  unfortunate  that  the  space 
available  in  Table  2  did  not  permit  us  to  indicate  the  divisions 
for  the  subjects  other  than  G.  or  to  interpolate  the  group  aver- 
ages in  the  fashion  in  which  the  divisions  and  averages  have 
been  given  for  G.  in  Table  i.    For  the  subject  R.  the  size  of 
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the  group  is  five;  for  B.,  four;  for  H.,  four;  for  W.,  four;  for 
K.,  three;  and  for  S.,  four.  The  group  averages  in  order  arc: 
for  R.,  in  the  slow  series,  3.8  and  4.3,  and  in  the  fast  series, 
I  I.I  and  10.7;  for  B.,  in  the  slow,  3.4,  3.5  and  3.8,  and  in  Ac 
fast,  7.4,  6.9  and  7.5 ;  for  H.,  in  the  slow,  7.3  and  8.6,  and  in  the 
fast,  12.6  and  13.6;  for  W.,  in  the  slow,  7.4  and  7.2,  and  in  the 
fast,  13  and  13.3;  for  K.,  in  the  slow,  8.5  and  9.9,  and  in  the 
fast,  18.3  and  19.4;  for  KL  with  her  "new  method,"  in  the  slow, 
8,  6.8  and  10.5,  and  in  the  fast,  16.2,  17.7  and  15.7;  for  S.,  in  the 
slow,  5.1,  66  and  5.9,  and  in  the  fast,  11.5,  12.8  and  12.5.  When 
massed  in  this  manner,  G.'s  results  show  deterioration  with  the 
slow  rate,  becoming  less  marked  as  the  period  advances,  and 
with  the  fast,  at  first  practically  no  change  and  then  g^eat  deteri- 
oration. R.  shows  a  decided  loss  of  ability  with  the  slow  series, 
a  slight  gain  with  the  fast.  B.  shows  steady  deterioration  with 
the  slow  rate,  and  with  the  fast,  at  first  an  improvement  and 
later,  a  condition  nearly  normal.  H.  shows  deterioration  with 
both  rates,  but  this  is  more  marked  with  the  slow.  W.  shows  a 
slight  gain  in  ability  with  the  slowly  repeated  scries,  a  slig:h 
loss  with  those  rapidly  repeated.  K.'s  results  (if  those  obtained 
with  the  new  method  only  be  considered)  show  at  first  imp^oT^ 
ment  and  then  deterioration  with  the  slow  and  exactly  the  oppo- 
site with  the  fast.  S.'s  ability  at  first  decreases  to  practically  the 
same  degree  with  both  rates,  and  then  decreases  much  more  with 
the  slow. 

From  this  comparison  it  is  evident  that,  when  considered  by- 
large  steps,  the  results  of  four  of  the  seven  subjects  (R,,  B.,  R, 
and  S.)  show  greater  deterioration  in  the  case  of  the  slow  series. 
R.  and  B.,  indeed,  show  deterioration  with  the  slow  rate,  wher^s 
with  the  fast  rate  the  ability  to  memorize  actually  improvcs. 
W.'s  variations  from  the  normal  are  probably  too  small  to  have 
any  meaning  at  all.  G.'s  results  present  a  very  interesting  point 
It  is  evident  that  during  the  first  part  of  the  woric  for  the  day 
(which  in  the  case  of  G.  alone  lasted  two  consecutive  schcdtdc 
periods  in  Group  III,  instead  of  one  period)  G.  behaved  like  the 
majority  of  the  other  subjects.  In  other  words,  if  G.  had  served 
as  subject  for  only  one  period  at  a  time  her  results  would  have 
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agreed  with  the  others.  The  following  question  then  arises: 
Is  the  change  in  G/s  ability  during  her  second  laboratory  period 
a  characteristic  of  G.  alone,  or  would  this  change  appear  with 
the  other  subjects  if  they  niemori2ed  series  for  two  consecutive 
periods?  This  question,  unfortunately,  cannot  be  answered 
The  reasons  for  the  peculiarities  of  K.'s  results  will  be  considered 
in  the  discussion  of  individual  differences. 

It  is  evident  that  the  showing  of  the  series,  when  grouped, 
often  differs  somewhat  from  the  showing  of  the  series  treated 
separately.  One  reason  for  this,  doubtless,  is  that  many  subjects 
learn  the  second  and  third  of  a  day's  series  more  quickly  than 
they  learned  the  first  When  the  series  are  taken  separately  this 
change  in  ability  stands  out  as  an  improvement  When  the  series 
are  grouped  this  increase  in  speed  simply  raises  the  average  of 
the  first  group  of  series,  i.e.,  of  the  normal,  and  so  makes  any 
deterioration  in  the  later  series  more  marked. 

Table  3  will  show  at  a  glance  the  general  trend  of  all  these 
results.  It  will  be  convenient  for  the  reader  to  turn  frequently 
to  this  table  in  reading  the  following  paragraphs,  which  deal, 
largely  on  the  basis  of  introspection,  with  the  individual  differ- 
ences between  subjects.  Two  of  the  signs  which  are  used  explain 
themselves.  Pltis  (  +  )  indicates  improvement,  and  minus  (— ) 
indicates  deterioration.  The  question  mark  ( ?)  stands  for  no 
decisive  change  in  efficiency. 

Introspective  Results 

In  this  discussion,  introspective  statements  of  the  subjects 
will  first  be  summarized.  An  attempt  will  then  be  made  to 
explain  some  of  the  individual  variations  in  the  numerical  results 
in  the  light  of  this  introspective  testimony.  The  introspective 
statements  of  the  subjects  relate  to  the  following  points:— the 
subject's  sensorial  type  of  memorizing,  method  of  grouping,  use 
of  auxiliary  (mnemonic)  associations,  preference  as  to  the  rate 
at  which  the  series  were  presented,  and  opinion  as  to  which  rate 
required  greater  concentration  of  attention  and  which  was  more 
fatiguing. 

As  to  the  image  types  to  which  the  subjects  belong  h—B.  and 
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S.  claim  imagery  almost  purely  visual,  although  from  the  rest  of 
B.'s  introspection  it  seems  probable  that  auditory-kinaesthetic 
imagery  also  was  important.®  W.  appeared  to  use  visual  imagery 
except  when  the  syllables  "came  mechanically/'  that  is,  when 
speech  movements  appeared  to  be  preceded  by  no  anticipatory 
imagery.  G.  visualized  the  syllables  as  patches  of  color  on  which 
occasional  traces  of  written  letters  appeared  in  black.  (G.  has 
colored  hearing  in  a  marked  degree).  However,  she  also  made 
constant  use  of  auditory-kinaesthetic  imagery  which  was  more 
noticeable  in  the  case  of  the  rapidly  repeated  series  than  in  the 
case  of  those  slowly  repeated  and  which  served  to  distinguish 
between  syllables  of  nearly  the  same  color.  This  subject  noted 
a  tendency  to  grasp  the  last  two  or  three  syllables  of  a  series 
merely  in  auditory-kinaesthetic  terms  and  to  recite  them  in 
virtue  of  a  "kind  of  echo."  H.  "tried  to  visualize*'  the  syllables 
which  did  not  readily  suggest  auxiliary  associations.  The  syl- 
lables which  did  suggest  such  associations  she  apparently  learned 
in  auditory-kinaesthetic  terms,  visualizing  only  the  persons  or 
objects  which  figured  in  the  mnemonic  devices.  R.  learned  prin- 
cipally, and  K.  wholly,  in  terms  of  auditory-kinaesthetic  imagery. 

As  regards  grouping,  all  the  subjects  attempted,  more  or  less, 
to  grasp  the  syllables  in  sets  shorter  than  the  series.  G.,  K.,  and 
S.  always  divided  the  syllables  into  groups  of  four.  H.  ar- 
ranged the  syllables  in  five  groups,  with  four  in  the  first  group 
and  two  in  each  of  the  others.  B.  grouped  the  syllables,  when 
she  first  began  to  serve  as  subject,  but  soon  discarded  this  pro- 
cedure. B.,  usually,  but  not  always,  grouped  the  syllables  by 
fours,  and  W.  grouped  the  first  four  together  and,  if  the  series 
happened  to  be  particularly  hard,  also  grouped  the  other  syllables 
by  twos.  As  regards  spatial  projection,  all  the  subjects  testified 
more  or  less  to  having  visual  schemes  into  which  they  fitted  the 
syllables.  G.,  except  in  Group  III,  visualized  the  syllables  as  ar- 
ranged in  a  row  from  left  to  right;  in  Group  III  she  purposely 
changed  from  a  single  horizontal  line  to  three  vertical  columns 
each  formed  of  four  patches  of  color.  This  change  was  made  in 
order  to  make  the  spatial  position  of  the  syllables  more  marked 

*Cf,  statement  of  preference  for  fast  series  on  p.  180. 
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as  compared  with  one  another.  The  subject  used  this  sdieme  as 
much  in  the  fast  series  as  in  the  slow,  but  had,  in  the  case  of 
the  fast  series,  greater  difficulty  in  fitting  the  syllables  into  the 
proper  places.  The  subject  said  that,  in  the  case  of  the  fast 
series,  putting  the  syUabks  into  their  i«t>per  places  was  la^e 
sorting  dishes  and  setting  them  in  their  places  upon  the  shrives 
of  a  china  closet.  H.  thought  of  the  syllables  as  arranged  in  a 
row  from  left  to  right  S.  said  she  projected  the  syllables  on  tiv 
wall  in  three  columns  of  four  syllaUes  each. 

Auxiliary  associations  were  used  by  all  the  subjects.  These 
associations  consisted  in  general  of  ''stories"  woven  about  the 
series  and  names  of  peofde  connected  with  syllables  havii^  a 
somewhat  similar  sound.  G.  memorized  to  considerable  extent 
without  use  of  such  associations  but  always  fell  back  upon  them 
in  case  of  difficulty  and  was,  therefore,  more  apt  to  use  tiiem  io 
the  case  of  fast  series  than  in  the  case  of  slow.  B.  also  used 
auxiliary  associations  more  in  the  case  of  the  rapidly  repeated 
series.  R.  and  H.,  on  the  contrary,  used  them  more  in  case  of 
the  slowly  repeated  series. 

With  respect  to  preferences  for  one  rate  over  the  other,  it 
should  be  noted  that  R.,  B.,  W.,  and  K.  preferred  the  fast  series; 
G.,  S.,  and  H.,  the  slow.  R.  and  H.  were  particularly  strong  in 
their  preferences.  The  reasons  given  by  R.,  B.,  W.,  and  K.  for 
the  choice  of  the  rapidly  repeated  series  are  as  follows :  R.,  *lt 
takes  no  effort  to  associate  the  sounds.  They  run  in  together 
and  don't  need  auxiliary  associations."  (R.,  it  may  be  noted. 
often  sighed,  when  learning  slow  series,  and  complained  of  the 
monotony.)  B.,  "The  fast  series  are  easier  to  connect  with  a 
story."  (The  subject  probably  meant  that  the  syllables  in  the 
fast  scries  were  more  suggestive  of  a  sentence.)  W.,  "The 
words  say  themselves.  With  the  slow  rate  I  had  more  time  to 
think,  and  as  soon  as  I  thought  very  hard,  I  was  lost"  K.,  'The 
slow  series  gave  me  time  to  forget."  In  the  words  of  B.,  W,, 
and  K.,  there  are  indications  of  perseveration,  kinaestfaetic  or 
auditory-kinaesthetic,  in  the  case  of  the  fast  series.  The  reasons 
given  by  G.,  S.,  and  H.,  for  the  choice  of  the  slowly  repeated 
series  are  as  follows:    G.,  "With  the  slow  series  I  could  fit  the 
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syllables  more  easily  into  my  scheme.  Moreover,  the  syllables, 
which  always  appear  in  consciousness  as  spots  of  color,  some- 
times lag,  and  in  the  case  of  the  fast  series  refuse  to  form  in 
the  mental  field  of  vision  before  the  metronome  beat  on  which 
they  are  due.  This  experience  is  attended  by  very  impleasant 
organic  sensations  localized  about  the  heart."  G.,  however,  con- 
fessed to  having,  not  infrequently,  the  feeling  of  fright  also, 
when  learning  the  slow  series.  G.  was  ordinarily  able  to  learn 
a  slowly  presented  series  in  two  repetitions  and,  realizing  this 
fact,  she  felt  considerable  anxiety  to  keep  the  repetitions,  at  least 
on  the  average,  at  two.  If,  in  any  case,  she  exceeded  two  repeti- 
tions she  tried  desperately  to  learn  the  next  series  at  the  first 
hearing.  S.,  "The  slow  series  gave  more  time  for  recall  and  the 
experimenter  pronotmced  the  syllables  more  clearly  at  this  rate." 
H.,  "I  preferred  the  slow  series  because  I  had  more  time  to  work 
out  my  schemes  for  remembering."  On  the  basis  of  these  state- 
ments and  of  the  other  introspective  data,  it  seems  fairly  clear 
that  the  subjects  who  prefer  the  fast  series  are,  in  general,  those 
who  are  greatly  assisted  by  kinaesthetic  or  by  auditory-kinaes- 
thetic  perseveration,  whereas  those  who  prefer  the  slow  series 
are,  in  general,  those  who  rely  chiefly  upon  visual  imagery  de- 
liberately recalled. 

It  is  evident  that  preference  for  one  rate  of  memorizing  over 
the  other  was  not  always  coupled  with' better  sustained  efficiency^ 
in  learning  at  the  preferred  rate.  Although  K.  and  W.  both  pre- 
ferred rapid  repetition,  both  showed  greater  deterioration  when 
learning  at  this  rate,  and  although  H.  and  S.  preferred  slow 
repetition,  these  subjects  showed  a  greater  deterioration  in  learn- 
ing the  slow  series.  The  deterioration  of  H.  and  S.,  in  the 
slow  series,  may  have  been  due  to  the  fact  that  the  difficulty  of 
the  task  was  not  sufficient  to  keep  their  attention  at  high  level. 
R.,  W.  and  K.,  who  preferred  the  fast  rate,  expressly  said  that 
with  the  slow  rate,  their  minds  tended  to  wander.  G.,  who  pre- 
ferred the  slow  series,  showed  in  the  first  of  her  two  periods 
greater  deterioration  with  these  series.  G.  explained  her  deterio- 
ration during  the  first  period  as  follows:  At  the  beginning  of 
each  sitting,  when  her  mind  seemed  "like  a  freshly  washed  black- 
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board"  on  which  every  impression  stood  out  distinctly,  she  could 
always  learn  a  series  with  a  relatively  small  number  of  repetitions 
(a  very  small  number,  usually  two  in  the  case  of  the  slow  series). 
However,  when  a  number  of  series  had  been  learned  so  that  the 
mental  blackboard  seemed  "clouded  with  erasures  of  every  other 
series,"  the  number  of  repetitions  suffered  an  increase,  which  in 
the  case  of  the  slow  series  was  large  in  relation  to  the  very  small 
number  necessary  at  the  beginning.  (If  the  nimiber  of  repeti- 
tions be  two,  an  increase  of  one,  the  smallest  increase  possible,  is 
an  increase  of  fifty  per  cent.)  Thus,  two  factors  probably  come 
into  play  in  producing  the  appearance  of  greater  deterioration 
during  the  first  period  in  the  case  of  the  slow  series :  First,  the 
arithmetical  fact  just  stated,  and  second,  the  greater  effort  which 
the  subject  made  to  learn  the  slow  series  with  a  very  small  num- 
ber of  repetitions.  This  last  circumstance  may  have  brought 
about  a  genuine  and  considerable  loss  of  efficiency.® 

In  regard  to  the  feeling  of  fatigue,  direct  testimony  is  meagre. 
Only  three  times  did  any  subject  report  feeling  much  fatigue  at 
the  end  of  the  period.  One  day  early  in  the  year  B.  remarked 
that  for  the  past  two  weeks  she  had  been  learning  at  the  slow 
rate  and  that  at  that  rate  she  had  made  a  story,  as  she  went 
along,  to  fit  the  syllables.  When,  however,  on  the  day  in  question 
she  had  changed  to  the  fast  rate,  she  had  become  nervous,  and  at 
the  end  of  the  period  felt  weak  and  rather  "seasick."  The  num- 
bers of  repetitions  required  for  learning  the  successive  series  on 
that  day  were:  ii,  6,  S,  6,  5,  5,  7,  5,  6,  8,  12,  7.  G.  reported 
marked  fatigue  on  two  days  on  which  she  learned  twenty-four 
and  twenty-eight  series,  respectively,  at  the  fast  rate.  At  the  end 
of  one  of  these  periods  this  subject  said  that  she  felt  weak  and 
dizzy.  The  numbers  of  repetitions  required  for  that  day  were: 
S»  8,  4,  5,  5,  3,  4,  s,  4,  5,  4,  6,  6,  7.  4,  7,  5,  7,  8,  9,  4,  7,  3,  4.  The 
day  on  which  G.  complained  most  of  fatigue  the  following  num- 
bers of  repetitions  were  needed:  3,  5,  8,  5,  6,  7,  4,  6,  3,  4,  9»  8, 
6,  8,  7,  8,  6,  4,  5,  5,  8,  6,  4,  7, 4,  9,  8,  7.  The  subject  began  the 
work  of  this  day  in  a  condition  of  slight  general  fatigue.  By  the 
second  set  of  six  series  her  head  began  to  swim  and  she  felt  more 

*  Cf.  pp.  174  and  176  above. 
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and  more  weak  and  dizzy  until  the  third  set  of  six  series  when 
she  felt  faint  and  sick.    In  the  fourth  set  she  felt  better  than  in 
the  third,  but  toward  the  end  began  to  feel  numb  and  tremulous, 
and  her  heart  began  to  beat  irregularly.    In  the  last  set  G.  felt 
better,  but  was  almost  too  exhausted  to  complete  the  arithmetic  at 
the  end.     Symptoms  of  fatigue  persisted  two  or  three  hours 
after  the  experimental  sitting.    In  view  of  this  experience  of  G., 
we  may  safely  say  that  her  deterioration  in  the  second  period 
when  learning  by  rapid  repetition  was  due  to  genuine  fatigue. 
Although  K.  did  not  complain  of  being  tired,  yet  she  was  in 
delicate  health  throughout  the  year  and  suffered  from  time  to 
time  with  severe  neuritis.    It  is  also  worth  noting  that  W.  had 
a  nervous  breakdown  before  the  end  of  the  year.    K.  and  W.,  it 
will  be  remembered,  both  preferred  the  fast  series  and  yet  showed 
greater  deterioration  in  these  series,  which  obviously  put  a 
greater  strain  upon  the  attention.    On  the  whole,  the  introspec- 
tion of  the  subjects,  taken  together  with  the  small  amount  of 
deterioration  which  their  work  at  each  sitting  exhibited,  seems 
to  show  that  G.   (in  the  second  of  her  learning-periods)  and 
possibly  K.  and  W.  were  really  tired  but  that  they  were  the  only 
subjects  who  were  fatigued  at  all.     Such  loss  of  efficiency  as 
occurred  in  the  other  cases,  if  due  to  fatigue,  was  not  due  to  a 
fatigue  marked  by  unpleasant  subjective  symptoms. 

Data  in  Regard  to  Practice,  Momentum,  and  Initial  and  Terminal 

Spurt 

The  main  part  of  the  discussion  of  the  results  of  this  investiga- 
tion is  now  finished,  but  before  summarizing  the  conclusions  two 
other  points  of  no  small  importance  must  be  considered:  (i) 
the  influence  of  practice  upon  memorizing  by  the  two  rates  of 
repetition,  and  (2)  indications  of  initial  spurt,  of  momentum, 
and  of  terminal  spurt  as  they  appear  in  the  third  group  of  ex- 
periments. It  is  impossible  to  trace  these  factors  in  Group  II 
because  at  each  sitting  the  memorizing  was  so  broken  up  by  the 
interpolation  of  fatigue  tests. 

Practice. — ^In  the  discussion  of  the  method  of  making  the  ex- 
periments, the  statement  was  made  (page  161)  that  we  tried  to 
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use  two  rates  of  presenting  the  series  which  would  take  ap- 
proximately the  same  total  learning  time.    As  the  experiments 
continued  it  became  evident  that  most  of  the  subjects  improved 
in  memorizing  at  the  fast  rates  more  than  they  did  at  the  slow 
rates.    Inasmuch,  as  at  the  beginning  of  Group  11;  series  pre- 
sented at  the  different  rates  occupied  practically  the  same  total 
learning  time,  the  differences  in  the  times  occupied  in  Group  III 
show  the  extent  of  the  influence  of  practice.    In  Groiq>  III,  G. 
learned  a  slow  series  in  about  129  seconds  on  the  average,  and  a 
fast  series  in  about  1 10  seconds.    For  the  other  subjects  the  cor- 
responding %ures  are  as  follows:  ^R.,  187  and  149;  B.,  175 
and  133;  H.,  237  and  224;  K.,  279  and  261;  K.,  new  method, 
258  and  226;  W.,  230  and  186;  S.,  174  and  168.    The  difference 
in  the  total  learning  times  necessary  for  the  rapidly  and  slowly 
repeated  series  is  very  marked  with  all  subjects  except  S.    It 
must  be  remembered,  however,  that  S.  had  served  as  subject  at 
least  ten  weeks  less  than  the  other  subjects  had  served,  and  there- 
fore practice  in  her  case  naturally  would  be  less  marked    An 
important  feature  in  the  practice  gained  with  the  memorial^ 
was  improvement  in  apprehension,  i.e.,  in  ability  to  grasp  the 
syllables  when  presented  to  the  ear.     This  improvement  was 
particularly  noticeable  with  the  fast  series.    Therefore,  the  effect 
of  practice  was  more  marked  with  this  rate.    Thus,  practice  in 
some  cases  defeated  the  intention  of  the  experimenters  to  equalize 
the  actual  expenditure  of  time  in  memorizing  fast  and  slow  series. 
The  inequality  of  learning  time  for  the  two  sets  of  series  sug- 
gests an  unfortimate  possibility  in  regard  to  the  figtures  which 
evince  deterioration  in  efficiency.    Some  of  the  subjects  showed 
greater  loss  in  the  slow  series  and  some  in  the  fast    It  may  be 
that  the  slow  series  tended  to  fatigue  the  subjects  R.,  B.,  and 
W.  in  virtue  of  the  long  continuance  of  the  strain  upon  the  at- 
tention.    This  supposition  is  borne  out  by  the  fact  that  these 
subjects  expressed  a  distaste  for  the  slow  series.    On  the  other 
hand,  the  fast  series  may  have  tended  to  fatigue  other  subjects 
in  virtue  of  the  high  degree  of  attention  demanded  and  the  emo- 
tional excitement  involved  in  "catching"  the  syllables.    The  com- 
parative degree  of  fatigue  in  the  two  kinds  of  attention-strain 
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may  be  a  matter  of  individual  differences  and  these  individual 
differences  may  obscure  the  main  issue  in  regard  to  the  fatigue 
effects  of  memorizing  by  slow  and  by  rapid  repetition. 

Initial  Spurt,  Gathering  Momentum,  Decreasing  Momentum 
and  Terminal  Spurt, — Most  experimenters  seem  to  agree  in  spite 
of  the  varying  methods  used  and  the  different  conclusions  drawn 
that  mental  activity  shows  a  well-marked  periodicity.    There  is 
no  fixed  normal  type  of  daily  rhythm,  each  person  being  ap- 
parently a  law  unto  himself.     Nevertheless,  as  to  quantity,  in 
any  piece  of  steady  work,  most  subjects  exhibit  the  following 
stages:  initial  spurt,  or  else  preliminary  inertia  with  gathering 
momentum,  decreasing  momentum,  and  terminal  spurt.       If  a 
pause  or  change  of  occupation  is  introduced  in  the  course  of  the 
experiment,  the  work  immediately  after  the  interruption  is  often 
better  and  but  very  seldom  worse  than  the  work  just  before  it. 
The  quality  and  the  quantity  of  work  do  not  always  vary  in  the 
same  direction  and  degree.    In  general,  in  the  period  of  decreas- 
ing momentum,  the  third  of  the  four  stages  just  mentioned,  the 
changing  relations  between  quality  and  quantity  of  work  exhibit 
three  chief  moments:    ^i)  quantity  increases,  quality  decreases; 
(2)  quantity  also  decreases;  (3)  with  some  subjects  the  quantity 
gets  less  and  less,  with  others  it  increases  under  nervous  excite- 
ment until  exhaustion  is  reached.     These  phenomena  can  be 
traced  only  in  the  experiments  of  Group  III  and  in  this  group 
only  when  the  results  are  treated  by  the  massing  method.^^    In 
g^eneral,  the  slow  series  with  all  the  subjects  show  the  same 
trend  in  their  variations — for  the  second  of  a  set,  a  decided  loss 
of  ability;  for  the  third,  a  decided  improvement  over  the  second 
(in  the  cases  of  H.  and  W.  the  results  of  the  third  series  show 
higher  ability  than  even  the  results  of  the  first) ;  for  the  fourth, 
loss  of  ability  much  less  marked  than  that  for  the  second  series. 
G.  and  R.  are  the  only  subjects  having  a  fifth  or  sixth  series  in 
a  section.    G.'s  results  show  a  yet  further  deterioration  of  effi- 
ciency for  the  fifth  series,  and  an  improvement  for  the  sixth. 
R.'s  results  exhibit  improvement  for  the  fifth  series.    The  results 
for  the  fast  series  show  more  individual  variations  than  do  those 

"•  Sec  ppr.  172  and  175  above. 
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for  the  slow.  All  subjects  except  W.  show  loss  of  aW%  for 
the  second  series,  and  no  subject  shows  marked  recovery  before 
the  fourth  series.  With  the  fourth  series  the  results  of  R.,  K. 
and  S.  show  improvement  over  those  of  the  second  and  tbird 
series,  but  the  results  of  G.,  H.,  and  W.  show  still  grcatc 
deterioration.  G.  shows  increase  of  ability  with  the  fifth  serie 
and  a  slight  decrease  with  the  sixth.  R.'s  figures  for  her  fifth 
series  are  indecisive. 

These  results  therefore  exhibit :  ( i )  in  the  case  of  the  slowlr 
repeated  series  the  stages  of  initial  spurt,  with  most  subjects 
gathering  momentum;  and  with  G.  and  R.,  terminal  spurt;  (2)  in 
the  case  of  the  rapidly  repeated  series  with  all  except  W.,  initial 
spurt;  with  G.,  R.,  B.,  and  S.,  late  in  the  group,  gathering  mo- 
mentum, and  with  G.  and  R.,  decreasing  momentum.  It  is,  of 
course,  possible  that  all  the  subjects  would  have  shown  all  tk 
stages  if  all  the  sections  had  contained  enough  series. 

These  results  are  important  in  showing  the  disadvantages  of 
extraneous  tests,  for  in  the  sets  of  series  between  the  tests  the 
subjects  seem  to  pass  through  most  of  the  stages  of  effidency. 
These  stages,  particularly  that  of  initial  spurt,  evident  immedi- 
ately after  the  extraneous  tests,  obscure  the  general  trend  of  the 
fatigue  effects  which  might  appear  in  the  course  of  the  period. 

Coficlusions 
The  first  conclusion  to  be  drawn  from  the  investigation  as  3 
whole  is  that  the  extraneous  tests  proved  distinctly  tmsatisfac- 
tory.  The  arithmetic  tests  appeared  most  reliable,  the  multipB; 
cation  tests  showing  fewer  individual  variations  than  any  of 
the  others.  This  may  be  due  to  the  fact  that  this  was  the  only 
one  which  was  used  after  the  subjects  had  had  considerable  przc- 
tice.  It  is  possible  that  the  other  extraneous  tests  would  have 
exhibited  fewer  individual  variations  if  they,  also,  had  been  used 
in  Group  III.  It  is  puzzling  that  there  should  be  deterioraticm  in 
muscular  strength  and  loss  of  efficiency  in  adding  with  most  of 
the  subjects,  when  the  numbers  of  repetitions  necessary  for  mem- 
orizing showed  so  little  variation.  We  must  conclude  either  that 
the  variations  in  the  strength  of  the  grip  and  the  speed  of  arith- 
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metical  calculation  were  due  to  factors  other  than  fatigue  (a 
supposition  which  discredits  their  reliability  as  fatigue-tests),  or 
that  fatigue  manifested  itself  in  these  extraneous  tests  before  it 
v\ras  apparent  even  in  the  numbers  of  necessary  repetitions. 

A  second  conclusion  is  that  the  extraneous  tests  were  not 
merely  in  themselves  unsatisfactory  but  that  they  were  also  sub- 
versive of  the  main  purpose  of  the  investigation.  Whatever  ad- 
vantages these  tests  may  have  in  indicating  fatigue  is  more  than 
counterbalanced  by  the  fact  that  they  furnish  change  of  occupa- 
tion and  retard  the  onset  of  the  condition  which  they  are  sup- 
posed to  test. 

A  third  conclusion  is  that  the  subjects  (G.,  H.,  and  S.)  who 
made  much  use  of  visual  imagery  in  these  experiments  preferred 
the  series  learned  by  slow  repetition,  whereas  the  subjects  (B., 
R.,  and  W.)  who  appear  to  have  been  greatly  aided  by  auditory- 
kinaesthetic  perseveration  preferred  the  series  learned  by  fast 
repetition. 

The  fourth  and  main  conclusion  is  negative,  for  as  regards 
the  chief  issue  our  results  are  altogether  indecisive.  If  we  had 
not  used  the  subjects  G.  and  K.,  we  should  doubtless  have  sup- 
posed it  perfectly  clear  that  memorizing  with  slow  repetition  is 
more  fatiguing  than  memorizing  with  rapid.  The  results  of 
these  two  subjects,  however,  prevent  the  drawing  of  such  a  con- 
clusion. There  are  three  possibilities  in  the  interpretation  of  the 
numerical  results :  (i )  that  none  of  the  subjects  were  fatigued  at 
all;  (2)  that  all  of  the  subjects  were  fatigued,  but  were  affected 
in  different  ways;  (3)  that  some  only  of  the  subjects  were 
fatigued.  From  the  consideration  of  our  introspective  results 
it  is  clear  that  the  first  of  these  possibilities  was  not  realized,  for 
B.  and  G.  reported  feeling  greatly  fatigued  at  the  end  of  certain 
laboratory  periods.  The  second  of  the  possibilities — ^namely,  that 
all  the  subjects  were  fatigued,  but  were  affected  in  different 
ways — can  scarcely  be  true,  for  the  subject  S.  declared  that 
neither  rate  fatigued  her  and  that  she  would  have  enjoyed  learn- 
ing twelve  more  series  each  day.  Furthermore,  except  in  the 
cases  already  described  in  detail,  the  subjects  practically  never 
made  remarks  indicating  that  they  were  tired  or  even  bored. 
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If,  then,  any  reliance  is  to  be  placed  upon  the  introspective  testi* 
mony  of  the  subjects,  the  conclusion  must  be  drawn  that  <Hil7 
some  of  the  subjects  were  fatigued.  It  is,  therefore,  evident-that 
the  second  of  the  two  main  questions  formtdated  on  page  157 
needs  no  discussion  but  must  be  answered  with  an  emphatic 
n^^tive.  The  fatigue  of  memorizing  at  a  rapid  repetition-rate 
is  not  so  great  as  to  cancel  the  time-saving  effect  of  rapid  repe- 
tition within  the  limits  of  a  laboratory  appointment  lasting  three 
quarters  of  an  hour.  Except  for  K.  and  for  W.  such  fatigue  as 
appears  in  a  three-quarters-of-an-hour  period  is  more  evident  in 
the  case  of  the  slowly  repeated  series  than  in  the  case  of  those 
rapidly  repeated.  Moreover,  with  W.  and  K.  the  fatigue  (shown 
by  the  increase  in  the  number  of  necessary  repetitions)  is  far 
too  small  to  counterbalance  the  gain  in  economy  of  time. 

The  final  conclusion  of  the  investigation  is  this :  the  problem  is 
one  which  cannot  be  solved  without  much  more  experimental 
work.  The  results  of  those  of  our  subjects  who  were  certainly 
tired  seem  to  show  that  rapid  repetition  is  somewhat  more  fatigu- 
ing than  slow,  but  before  the  statement  can  be  substantiated  it 
will  be  necessary  to  perform  many  experiments  in  which  the 
periods  of  memorizing  are  long  enough  to  tire  the  subjects.  Such 
experimental  conditions  are  hard  to  secure  during  the  college 
year,  for  few  of  the  available  subjects  are  willing  to  be  incapaci- 
tated for  several  hours  from  further  academic  work. 
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A  NOTE  ON  THE  USE  OF  THE  METHOD  OF  CON- 
STANTS IN  EXPERIMENTS  IN  INTENSIVE 
SMELL  DISCRIMINATION 

By  E.  A.  McC.  Gamble 

The  experiments  on  which  this  note  is  based  were  made  in  the 
year  1913-1914  by  Alice  C.  Forbes.  The  records  numerical  and 
introspective  were  completely  destroyed  in  the  Wellesley  fire. 
Nevertheless,  the  results  as  remembered  by  the  experimenter  and 
by  the  writer  of  this  note  have  a  certain  suggestive  value,  so 
that  it  seems  worth  while  briefly  to  summarize  them.  The 
motive  for  the  experiments  was  the  desire  to  test  the  validity  of 
a  criticism  made  upon  the  method  of  the  writer's  effort  to  de- 
termine the  applicability  of  Weber's  law  to  smell.^  At  the 
suggestion  of  Zwaardemaker,  the  writer  used  Fechner's  simple 
method  of  just  noticeable  differences  which  is  really  a  rough 
form  of  the  method  of  stimulus  production  and  is,  therefore,  es- 
sentially "procedure  with  knowledge."  In  the  course  of  the  work 
she  made  a  few  experiments  with  the  method  of  constants,  for 
the  purpose  of  determining  its  suitability,  and  definitely  rejected 
it,  because  exhaustion  seemed  to  make  the  second  of  the  two 
compared  stimuli  almost  invariably  appear  weaker  than  the  first. 
After  the  publication  of  the  work,  the  incompleteness  of  data 
unsujbstantiated  by  the  method  of  constants  was  pointed  out  by 
one  of  the  critics  of  the  paper. 

The  present  experiments  were  made  with  the  standard  olfacto- 
meter of  the  ordinary  form  and  with  a  fluid-mantle  olfactometer 
of  the  form  common  in  America,  with  which  the  subject  breathes 
directly  from  an  inhaling  tube  passing  through  the  odorous  cyl- 
inder. The  substances  used  were,  with  the  standard  olfacto- 
meter, a  combination  of  gum  ammoniac  and  guttapercha  and, 
in  the  case  of  the  fluid-mantle  olfactometer,  vanillin.    With  one' 

1  The  Applicability  of  Weber's  Law  to  Smell.  American  Journal  of  Psy- 
chology, (1898). 
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subject,  who  ai^)arently  has  a  vanillin  defect,  beesi 
in  place  of  vanillin,  of  course,  with  the  standard 

The  subjects  included  the  writer,  five  subjects 
eral  experimental  training  but  little  experience 
and  three  untrained  subjects. 

The  procedure  each  day  included  the  following  i 
condition  of  the  subject's  nasal  passages  was  tested'j 
tion  of  the  ''breathing  spots/'  (2)  The  stimulus 
termined  on  the  basis  of  four  trials  with  each  nc 
ing  for  each  nostril  a  stimulus  of  twice  the  limil 
and  taking  for  comparison  a  stimulus  usually^ 
stronger  as  many  different  determinations  were 
period  of  forty-five  minutes  as  the  intervals  needed  ! 
for  the  cleaning  of  the  apparatus  allowed.  In  te 
nostrils  a  compensating  program  was  used.  The 
told  that  the  two  stimuli  would  never  be  equal  and 
den  to  make  equality  judgments. 

The  results  of  these  experiments  certainly  did  not  I 
the  exhaustion  produced  by  the  first  of  the  two  stimtj 
makes  the  use  of  the  method  of  constants  impossibli 
ond  of  the  two  stimuli  was  wrongly  judged  stroi 
first  in  quite  as  many  cases  as  those  in  which  it 
called  weaker.  Moreover,  three  of  the  partially 
gave  so  large  a  percentage  of  right  judgments  as 
stimulus  difference  supraliminal.  Nevertheless, 
upon  the  experimenter  and  upon  the  writer  the  vivi^ 
that  the  use  of  the  method  of  constants  is,  in  the 
subjects,  undesirable.  Three  of  the  more  painst 
had  great  difficulty  in  getting  distinct  impression^ 
tensity  of  the  stimuli  and  were  continually  altering 
of  judging,  sometimes  attending  to  one  phase  of 
and  sometimes  to  another.  These  same  subjects  we^ 
asking  whether  their  judgments  were  right  or  not, ; 
considerable  annoyance  at  the  "vagueness"  of  the  si 
they  were  required  to  compare.  In  the  case  of  subj 
type,  it  would  seem  that  training  in  smell  discrii 
"procedure  with  knowledge"  should  be  preliminary  J 
of  the  method  of  constants. 
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CHAPTER  I 

Object 

The  primary  object  of  the  present  investigation  is  to  make  a 
comparative  study  of  the  mental  associations  of  children  and 
adults.  It  is  a  study  in  group  psychology,  one  group  being  that 
of  children  and  the  other  that  of  adults.  The  study  is  made  by 
means  of  association  frequency  tables.^  We  have  compiled  such 
tables  from  the  responses  of  one  thousand  school  children,  of 
ages  nine  to  twelve,  to  each  of  one  hundred  stimulus  words.  Since 
we  used  the  same  stimulus  words  as  Kent  and  Rosanoff  ,*  we  have 
been  able  to  take  their  adult  frequency  tables  for  comparison, 
and  thus  draw  conclusions  from  a  total  of  two  hundred  thousand 
cases  of  association. 

A  secondary  object  of  our  study,  attained  merely  by  the 
compilation  of  the  children's  association  frequency  tables,  is 
to  secure  data  which  may  serve  as  a  standard  in  the  studies  of 
the  mental  associations  of  individual  children.  We  believe  that 
the  responses  of  any  child  to  the  one  hundred  stimulus  words, 

^What  is  meant  by  association  frequency  tables  is  generally  known,  but 
should  perhaps  be  fully  explained.  A  word,  called  the  stimulus  word,  is 
pronounced  to  a  subject  wlio  has  been  instructed  to  respond  with  the  first 
word  that  the  stimulus  word  brings  into  his  mind.  The  word  responded  with 
is  called  the  reaction  word  or  the  response.  The  same  stimulus  word  is  given, 
say,  to  a  thousand  individuals.  These  thousand  individuals  will  not  all  re- 
spond with  a  different  word,  but  with  one  of  a  comparatively  small  number 
of  words,  a  hundred  or  so.  Now  a  frequency  table  is  one  which  shows  just 
how  often  eadh  of  these  hundred  or  so  words  occurred  in  the  one  thousand 
responses.  Suppose  one  half  of  the  thousand  subjects  responded  with  tiie 
same  word,  its  frequency  would  be  500.  Usually  the  greater  part  of  the 
thousand  responses  will  be  one  of  a  very  small  number  of  words.  These 
will  all  have  a  high  frequency.  On  the  other  hand  there  are  always  a  num- 
ber of  words  found  to  have  been  given  only  a  few  times.  Those  given  only 
once,  that  is,  those  having  a  frequency  of  only  one  in  the  frequency  tables, 
are  called  'individual'  associations. 

2  Kent,  Grace  Helen,  and  Rosanoff ,  A.  J.,  'A  Study  of  Association  in  In- 
sanity'.   Amer.  /.  of  Insanity,  Vol.  LXVII,  1910,  i  and  a. 
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particularly  when  obtained  several  times  and  interpreted  under- 
rtandingly,  afford  one  of  the  best  pictures  of  his  mental  ooosti- 
tution  that  can  be  quickly  obtained.  It  is  in  the  pictore,  in  the 
qualitative  description,  that  we  see  the  main  value  of  the  free 
association  test, — ^not  in  any  measurement  it  may  give  of  ^ 
amount  of  intelligence.  When  rq;arded  in  diis  light,  there  is  no 
reason  why,  in  individual  woiic,  introq>ections  should  not  be  ob- 
tained, nor  why  association  times  should  not  be  measured  wA 
the  stop  watch.  It  would  seem,  rather,  to  be  imperative  to 
obtain  some  introspective  clues  to  the  explanatioo  of  all  excep- 
tionally slow  or  very  unusual  associations.  The  frequency  table 
is  of  value,  in  such  individual  study,  as  indicating  what  I^ 
spouses  are  most  common,  what  most  children  do,  and  thcrek 
affording  a  viewpoint  from  which  to  judge  the  individual  diDd. 
Our  various  classifications  of  the  data  of  the  frequency  tabto 
may  also  be  of  value  in  this  connection. 

It  is  true  that  attempts  have  been  made  to  use  the  free  associa- 
tion test  as  a  measure  of  amount  of  intelligence.  The  test  has 
had  some  success  in  this  way  and  is  probably  of  some  valut  A 
children's  frequency  table  will  prove  invaluable  to  all  such  investi- 
gations that  may  be  conducted  in  the  future.  We  repeat,  hot- 
ever,  that  the  main  value  of  the  association  test  is  not  in  tdlii? 
us  how  much  mind  but  what  kind  of  a  mind  the  child  has.  It  is 
only  as  a  qualitative  test  that  it  deserves  the  encomiums  heaped 
upon  it  by  so  many  authors,  particularly  Woodworth  and  Wdk 
The  latter  refer  to  the  test  as  havii^  achieved,  and  being  fiWy 
to  retain,  a  place  "in  the  foremost  rank  among  the  methods  of 
•  individual  psychology,"*  and  assert  that  the  results  that  may  be 
obtained  by  the  use  of  standard  frequency  tables  give  "perhaps 
the  best  objective  correlate  o{  temperament  at  present  to  hand"* 
By  our  comparison  of  children  and  adults,  we  shall  show  that 
between  the  child  and  the  adult  there  exist  certain  striking  dif- 
ferences in  mental  make-up,  differences  with  which  we  bdieve 
that  the  psychologist  and  the  teacher  of  children  should  be  tho^ 

•  Woodworth,  R.  S..  and  Wells,  F.  L..  'Association  Tests,'  Psyckol.  Un^l. 
Vol,  XIII,  191 1.  57,  p.  73. 

*  Op.  cit.,  p.  74. 
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oughly  familiar.     But  we  shall  have  nothing  to  say  about  how 
much  more  intelligent  the  adult  is  than  the  child. 

The  present  study  suggests  a  further  use  of  our  children's 
frequency  tables,  namely,  its  use  for  comparison  with  similar  fre- 
quency tables  obtained  from  children  of  different  social  status 
or  race  or  of  defective  mentality/ 

'  Wreschner  writes  as  follows :  "Darum  erweist  sich  a:ber  das  Experiment 
uber  Reprodttktion  und  Assoziation  als  geeignete  Unterlage  einer  angewand- 
ten  P^ychologie,  wie  kein  anderes.  Macht  doch  schon  jetzt  von  thm  aus- 
giebigen  Gebrauch  die  Sprachforschung,  die  Psyohopathologie,  die  Jurisprudenz 
und  die  Padagogik,  und  erkannten  wir  doch  auf  Schritt  und  Tritt,  von  wel- 
cher  Tragweite  es  fiir  <tie  Psychologie  der  individuellen  Differenzen  ist. 
Voraussetzung  all  dieser  praktiscfaen  Anwendungen  ist  aber  eine  moglichst 
genaue  Kenntnis  der  Bedingungen,  Eigenarten  und  Formen  der  normalen  Re- 
prodttktion und  Association."  Ztsch.  f.  Psychol,  u.  Physiol,  d.  Sinnes., 
Erganzungsband,  3,  1907,  p.  554. 
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CHAPTER  II 

Previous  Work 

A  knowledge  of  the  methods  and  results  of  previous  invcsd- 
gators  of  children's  associations  is  indispensable  to  the  proper 
interpretation  and  evaluation  of  the  present  data.  Moreover, 
while  the  present  work  is  intended  primarily  as  a  study  in  cooh 
parative  group  psychology,  the  present  frequency  tables  may  be 
employed  by  others  in  the  study  of  individual  differences.  The 
success  attained  in  this  direction,  however,  will  depend  largdj 
upon  the  user's  knowledge  of  the  psychology  of  assodatioa  is 
children,  as  already  established.  It  seems  desirable,  therefore,  to 
give  a  brief  resume  of  preceding  investigations,  in  so  far  as 
they  bear  upon  the  present  study. 

The  first  careful  study  of  children's  associations  was  published 
in  1898  by  Ziehen.*  Ziehen  used  45  boys  of  ages  8  to  14.  These 
he  studied  individually,  chiefly  by  the  oral  method.  The  instruc- 
tions to  the  subject,  while  similar  to  those  used  by  later  invest 
gators,  may  have  differed  from  those  somewhat  because  of  certain 
implications  or  suggestions.  The  child,  upon  having  a  woid 
called  out  to  him,  had,  as  quickly  as  possible,  to  indicate  that 
representation  (Vorstellung)  which  immediately  followed  the 
representation  awakened  by  the  stimulus  word.*  It  is  evident 
that  there  is  here  a  suggestion  that  the  stimulus  word  called  a^ 
to  the  child  shall  not  immediately  be  followed  by  another  worl 
but  that  it  shall  first  call  up  an  image  and  that  this  first  iniage 
shall  then  be  followed  by  a  second  image,  to  be  designated  verb- 
ally.  This  suggestion  was  no  doubt  strengthened  by  the  further 
questioning  of  the  child,  since,  immediately  upon  giving  his  re 
sponse,  he  was  asked  whether  he  had  thought  of  a  definite  object' 

^  Ziehen,  Th.,  Samtnlung  von  Ahhandtungen  aus  dem  GehUie  der  podag^t 
ischen  Psychologie  und  Physiologie,  Vol.  i,  1899,  6,  pp.  66. 

*  Op.  cit.,  p.  10. 

•  "Antwortete  das  Kind  Z.  B.  auf  "Frosdi"  mit  -LauMrosdi,"  so  frai 
ich,  ob  das  Kind  an  einem  bestimmten  Frosch  und  Laubfrosch  gedacht  hik 
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Ziehen  formulated  his  main  problem  as  follows :  Does  the 
association  of  ideas  in  the  child  as  compared  with  the  adult,  show 
a  preponderance  or  a  lack  of  certain  types  of  association?  To 
answer  this  question,  he  compared  the  results  obtained  with 
children  with  those  obtained  from  a  "large  number"  of  "anal- 
ogous investigations"  with  adults.  He  obtained  a  very  striking 
and  important  result.  With  adults,  as  the  commonest  case,  he 
found  that  the  stimulus  word  awakened  a  general  idea  (AUge- 
meinvorstellung)  which  in  turn  called  up  another  general  idea, 
designated  by  the  response  word.  He  estimates  that  this  form 
of  association  occurred  in  80  per  cent  of  all  the  associations  of 
his  adults.  With  children,  on  the  other  hand,  this  association 
through  general  ideas  was  rare,  though  Ziehen  says  that  it 
gradually  increases  in  frequency  with  the  age  of  the  child.  As 
by  far  the  commonest  case  with  children,  he  found  that  the  stim- 
ulus word  called  up  an  individual  or  concrete  idea,  which  called 
up  another  individual  idea  (Individualvorstellung).  Ziehen  says 
that  while  it  is  well  known  that  a  child  does  not  employ  the  same 
range  of  general  ideas  in  his  thinking  as  does  the  adult,  he  was 
nevertheless  astonished  to  discover  to  what  extent  the  individual 
presentations  predominate  in  the  mind  of  the  child.  He  concludes 
that  in  this  respect  the  association  of  ideas  in  the  child  is  differ- 
ent toto  coelo  from  that  of  the  adult.*  Adults  tend  to  think  in 
terms  of  general  ideas,  children  in  terms  of  concrete  representa- 
tions. 

Besides  this  fundamental  difference  between  children  and 
adults,  Ziehen  mentions  several  minor  differences.  Verbal  as- 
sociations occurred  but  seldom  with  children,  apparently  much 
less  often  than  with  a(iults,  and  were  apt  to  take  the  form  of 
word-completion,  e.g.,  post, — card.  Rhyme  associations  occurred 
very  seldom,  much  more  seldom  than  with  adults.  The  same  is 
true  of  associations  of  words  commonly  connected,  e.g.,  hand, — 
foot;  hope, — ^love. 

tmd  erhielt  Z.   B.   zur  Antwort:    "ja  an   den   Frosch,   den   Ring's    (eine 
bekannte  Familie)  vor  3  Wodien  gdha^  liaben."    In  anderen  Fallen  ant- 
wortete  das  Kind,  es  habe  "an  alle  Frosche"  oder  "an  keinen  bestimmten" 
gedacht  u.  s.  f."  op.  cit,  p.  11. 
*0p.  cit,  p.  32. 
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Ziehen  was  followed  in  his  pioneer  woric  by  Mcumaim,*  «bo 
studied  the  mental  associations  of  over  800  school  cfaildrai,  dis- 
tributed in  19  classes,  in  the  hope  of  obtaining  criteria  of  d^ 
of  intelligence.  He  used  4  groups  of  12  words  each:  first,  cod- 
crete  substantives;  2nd,  v^bs;  3rd,  adjectives;  4th,  abstract 
substantives.  The  words  were  read  to  a  dass  of  cbildicn  I9 
their  teacher,  and  to  each  word  the  children  had  to  write  as  a 
response  the  very  first  word  that  came  into  their  head.  The 
teacher  gave  a  few  examples  first.  With  few  exceptions,  the 
children  readily  comprehended  the  aim  of  the  experimat 
Among  the  8  year  old  children,  however,  there  were  a  few  who 
continually  wrote  words  which  stood  in  no  connection  with  it 
stimidus  words.  Meumann  presents  hardly  any  of  his  actml 
data,  and  it  is  not  clear  just  what  method  he  used  in  arriving  at 
his  conclusions.    The  latter,  however,  are  stated  in  great  detail 

As  characteristics  of  the  associations  of  the  less  intdlipnt 
children,  which  serve  to  distinguish  them  from  the  more  intdt 
gent,  Meumann  mentions  the  fcdlowing  tendencies:—  i.  The  less 
intelligent  more  often  misunderstand  or  misinterpret  the  stinnlifi 
word.  2.  They  more  often  fail  to  write  down  a  response,  la 
the  case  of  abstract  substantives,  they  may  omit  60  to  70  per  am 
of  the  responses.  3.  They  give  a  greater  number  of  sensckss  re- 
sponses. The  word  written  may  be  senseless  or  may  stand  in  oc 
apparent  relation  to  the  stimulus  word.  4.  Their  responses^* 
less  mental  work,  or,  as  we  might  say,  less  thought  They  tab 
more  often  the  form  of  mere  word  changes  or  rhymes,  simpk 
opposites,  or  words  frequently  named  together,  e.g.,  cat,— moost 
5.  Their  responses  are  more  dependent  upon  the  connections  es- 
tablished in  their  school  exercises.  6.  They  arc  more  apt  to 
deviate  from  the  concrete  associations  characteristic  of  chikte 
and  to  exhibit  an  apparent  precocity  by  responding  with  genciil 
and  abstract  terms.  The  greater  likelihood  of  opposites  in  the 
case  of  the  less  intelligent  would  also  have  to  be  included  ondef 
this  heading,  since  opposites  are  characteristic  of  adults.  7-  ^ 
already  noted  by  Ziehen,  their  responses  are  more  apt  to  sho« 

*  Meumann,  E.,  'IntclKgcnzprufungcn  an  Kindcrn  dcr  Volksdmk' ; /Hr  «^- 
perimentelle  Padagogik,  Vol.  I,  1905,  pp.  86-ior. 
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perseveration,  of  which  Meutnan  distinguishes  three  kinds.  First, 
the  response  may  consist  in  the  repetition  of  a  previous  stimulus 
or  response  word.  After  its  first  occurrence,  such  a  response 
stands  in  no  apparent  connection  with  the  stimulus  word. 
Second,  and  more  commonly,  a  stimulus  word  starts  a  dominat- 
ing chain  of  representations  which  then  determine  successive 
responses  independently  of  the  stimulus  word.  Third,  the  sub- 
ject may  hold  to  the  same  category  of  response,  e.g.,  a  strength- 
ening adjective.  This  is  only  an  index  of  unintelligence  when  the 
persistent  category  is  not  typical  of  the  age  in  question. 

It  should  be  remembered  that  the  data  given  in  support  of  the 
above  conclusions  consist  only  in  occasional  illustrations.  One 
of  the  conclusions  which  we  believe  stands  in  particular  need  of 
verification  is  that  the  less  intelligent  children  are  more  apt  to 
give  logical  opposites.*  It  should  be  noted,  further,  that  the 
above-mentioned  differences  between  the  intelligent  and  unintelli- 
gent children  are  merely  differences  in  the  frequency  with 
which  certain  types  of  responses  are  found  in  the  case  of  groups 
of  such  children.  It  is  not  established  that  any  of  them  are 
reliable  indices  of  the  intelligence  of  a  given  individual. 

Meumann  also  mentions  certain  characteristics  which  he  re- 
gards as  distinguishing  younger  children  from  older  ones.  One 
might  expect  these  characteristics  to  be  the  same  as  those  distin- 
guishing the  less  intelligent  children  from  the  more  intelligent. 
Meumann  himself  suggests  the  following  important  propositicMi : 
the  symptoms  of  relative  stages  in  the  development  of  the  child's 
intelligence  are  at  the  same  time  symptoms  of  the  relative  intelli- 
gence of  individuals  of  like  age.^  However,  the  characteristics 
which  Meumann  attributes  to  the  more  intelligent  children,  as 
compared  with  the  less  intelligent,  are  not  identical  with  those 
which  he  attributes  to  the  younger  children  as  compared  with  the 
older.  With  the  younger  children,  he  says,  the  logical  opposite 
hardly  ever  occurs,  while,  with  the  13  and  14  year  old  children, 
it  may  constitute  90  or  even  100  per  cent  of  the  responses.®   The 

•  Op.  cit,  p.  91. 
''Op.  cit,  p.  loi. 
«  Op.  cit.,  p.  99. 
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difference  b  partiailajiy  strildng  when  adjectives  are  uscdastbe 
stimulus  word  The  8  and  9  year  cdds,  in  place  of  praig  tk 
loQcal  opposite,  seek  mainly  a  substantive  whidi  the  adjcctm 
given  as  stimulus  word  describes,  e.g.,  white, — paper;  bbd,- 
coal.  On  the  other  hand,  as  already  noted,  Mcmnann  states  tte 
the  less  intdligcnt  are  more  apt  to  give  the  logical  opposite  daa 
the  more  intelligent 

Another  allqped  exception  to  the  paralld  between  age  and  i&- 
telligence  has  already  been  mentioned,  namdy,  the  tendencj  to- 
wards association  of  general  ideas  in  the  less  intdligent  cUdrs 
and  in  adults  as  contrasted  with  the  use  of  concrete  imagery  k 
the  case  of  the  normal  children.*  In  view  of  the  in^itance  of 
these  allied  similarities  between  adults  and  the  more  unintdii- 
gent  children,  and  the  absence  of  supporting  data,  the  mafiff 
should  evidently  be  reinvestigated. 

Winteler,**  like  Meumann,  was  interested  in  assodatioD  as  a 
possible  means  of  diagnosis  of  intelligence.  He  obtained  asso- 
ciations from  8  boys,  all  about  10  years  of  age,  using  a  list  of  |o 
stimulus  words.  The  list  included  25  nouns  and  15  verbs  aad 
adjectives.  Of  these  8  boys,  3  were  chosen,  on  the  basis  of  tlxff 
school  work,  as  the  most  intelligent  of  their  class,  and  4,  as  th 
most  unintelligent.  The  eighth  boy  was  supposed  to  be  oi 
intermediate  intelligence.  Upon  classif]ring  the  responses,  acconl- 
ing  to  their  grammatical  form,  into  nouns,  adjectives,  verbs  aaj 
adverbs,  he  found  that  he  could  distinguish  three  reaction  tjpes.' 
These  three  types  were  about  evenly  represented,  two  of  them  bf 
three  boys  each  and  the  third  by  two.  They  showed  no  relatioB 
to  the  degree  of  intelligence.  One  type  reacted  to  substantfrts 
mainly  with  adjectives,  to  adjectives  with  substantives,  and  tc 
verbs  with  substantives;  this  is  termed  the  perceptual  (anscbuh 
lich)  or  describing  type.  Another  type  answered  to  substantiTCS 
mainly  with  other  substantives,  to  adjectives  with  other  adj€^ 
tives  and  to  verbs  with  other  verbs ;  this  is  designated  the  com- 

•  Op.  cit,  p.  93. 

'<*Wintler,     Jr.,     'Experimentelle     Bettragie    zu     cincr     Begabtmgsldire,' 
Die  experimentelle  P'ddagogik,  Vol.  II,  1906,  pp.  193-307. 
"  Op.  cit.    p.  207. 


Digitized  by 


Google 


CHILDREN'S  ASSOCIATION  FREQUENCY  TABLES  9 

paring  or  relating  type.  The  third  type  is  mixed.  Those  sub- 
jects responding  largely  with  adjectives  showed  considerable 
perseveration,  which  Winteler  explains  as  due  to  a  closely  lim- 
ited stock  of  words. 

Wreschner/*  in  the  course  of  his  extremely  detailed  study  of 
association,  obtained  data  on  free  association  with  two  children^ 
one  of  3^  and  one  of  sH  years  of  age.  He  recorded  their  oral . 
responses  to  something  over  300  words,  and  compared  them  with 
the  responses  of  twenty  adults,  with  whom  he  used  a  list  of  words 
varying  in  number  from  57  to  503.  All  the  responses  were  classi- 
fied by  the  aid  of  a  classification  schema  of  about  forty  headings, 
and  a  comparison  then  made  of  the  percentages  for  adults  and 
children  under  each  heading.*'  Of  course  the  number  of  children 
used,  two,  is  entirely  too  small  to  give  these  percentages  any  con- 
siderable reliability.  The  investigation  of  Winteler,  referred  to 
immediately  above,  shows  how  greatly  children  may  vary  in  the 
type  of  their  associations,  since,  in  a  group  of  only  eight  boys, 
he  distinguished  three  markedly  different  classes. 

Without  attempting  to  explain  in  full  Wreschner's  classifica- 
tion schema,  we  shall  note  the  main  similiarities  and  differences 
shown  to  exist  between  children  and  adults  by  his  percentages. 

Adults  gave  over  twice  as  many  logical  associations,  over  one 
fourth  of  their  associations  being  of  this  sort.  This  appears  to 
be  due  to  the  greater  frequency  of  association  of  opposites,  simi- 
lars and  synon}rms,  and  associations  from  effect  to  cause.  Asso- 
ciation of  opposites  is  by  far  the  commonest  form  of  logical  asso- 
ciation amongst  adults,  and  is  about  five  times  as  frequent  with 
the  adults  as  with  the  two  children.  Another  type  of  association 
which  occurred  more  frequently  with  the  adults  than  with  the 
children  is  that  which  Wreschner  terms  verbal  or  speech  comple- 
tion. It  includes  three  sub-types:  word  completion,  e.g., 
snow, — ^ball;  'speech  reminiscences,'  e.g.,  fox, — goose;  and  a  cer- 
tain class  of  'attributive  unions,'  e.g.,  mother,— dear.    For  all  of 

1*  Arthur  Wreschner,  'EHe  Reproduktion  und  Assoziation  von  Vorstcl- 
lungen/  Ztsch,  f.  Psychol,  u.  Physiol,  d.  Sinnes.,  ErgdnMungsband^  3,  1907^ 
pp.  559. 

»0^  f f/.,  pp.  ^'294' 
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these  sub-types,  the  percentages  were  greater  for  the  adults. 
Taken  together,  they  constituted  about  a  fourth  of  the  adults' 
associations  but  cmly  7  per  cent  of  the  children's. 

The  children,  on  the  other  hand,  favored  two  forms  of  pre- 
dicative connections.  One  of  these  is  the  reaction-word-subject 
type,  in  which  the  reaction-word  constitutes  a  subject  of  the 
stimulus-word,  e.g.,  round, — circle.  This  form  of  reaction  con- 
stituted about  one  fourth  of  the  children's  associations  but  less 
than  one  tenth  of  the  adults'.  The  other  predicative  connection 
preferred  by  the  children  is  the  'stimulus-word  object,'  in  which 
the  stimulus  word  is  the  object  of  the  reaction-word,  e.g.,  sand,— 
strew.  This  form  of  reaction  constituted  nearly  a  tenth  of  the 
children's  associations  but  only  one  or  two  per  cent  of  the  adults'. 
The  children  also  gave  more  frequently  than  adidts  associaticws 
classified  as  spatial  and  temporal  localizations,  e.g.,  windy,— 
outside;  still, — anight  These  constituted  about  one  tenth  of  the 
children's  associations,  but  only  about  one  thirtieth  of  the  adults*. 
In  all  other  respects  than  those  mentioned  no  appreciable  differ- 
ences in  association  type  existed  between  the  adults  and  the 
children. 

Saling^*  made  some  experiments  on  free  association  with  a 
group  of  34  school  girls  from  7  to  8  years  old.  The  stimulus 
words  were  sixty  in  number  and  included  ten  of  each  of  six  varie- 
ties. The  children  had  to  think  their  reaction-words,  and  upon 
a  signal  from  the  experimenter  to  write  them  upon  blanks.  Bal- 
ing compares  the  data  thus  obtained  with  results  obtained  on 
adults  by  Thumb  and  Marbe.^'  This  comparison,  made  in  the 
form  of  a  table,**  bears  only  on  one  point,  namely,  whether  the 
most  frequent  response  given  to  any  stimulus  word  has  a  greater 
frequency  with  adults  than  with  children.  The  table  indicates 
that  the  most  common  response  has  a  higher  frequency,  that  is. 
constitutes  a  larger  percentage  of  all  the  responses,  in  the  case 
of  adidts  than  with  children. 

i^Saling,  Gertrude  'Associative  Massenversuche,'  Ztsch.  f,  Psychol.  %, 
Physiol,  d.  Sinnes.,  Vol.  XLIX.  1908,  pp.  238-253. 

''Thumb  and  Marble,  'Experitnen telle  Untersucfaungen  ubcr  die  Psych- 
•ologisdien  Grundlagen  der  sprachlidien  Analogiebildung,'  Leipzig,  1901. 

i«0^.   cit.,  Tabclle   I,   p.   240. 
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This  conclusion  is  clearly  to  a  large  extent  due  to  the  peculiar 
list  of  words  used  by  Saling.    It  is  noteworthy  in  the  following 
respects:  it  is  one-third  composed  of  adverbs;  it  contains  no 
verbs;  it  includes  the  names  of  the  numerals  one  to  ten;  ten 
pronouns,  and  only  ten  nouns  and  ten  adjectives;  and,  most 
striking  of  all,  it  is  made  up  almost  entirely,  with  the  exception 
of  numerals,  of  pairs  of  opposites  or  coordinates,  e.g.,  father, — 
mother;  brother, — sister;  large, — small;  old, — ^young;  I, — you; 
he, — she;   here, — ^there;   everywhere, — ^nowhere;    now, — ^never; 
this, — ^that.    Both  members  of  each  such  pairs  are  included  in 
the  list  of  stimulus  words.    Now  the  data  presented  in  the  pres- 
ent study  will  show  very  clearly  that  such  pairs  of  words  as  these 
constitute  the  type  of  associations  which,  above  all  others,  char- 
acterizes adults  in  contradistinction  from  children.^^    The  most 
frequent  response  to  such  words  with  adults  is  nearly  always  the 
other  member  of  the  pair;  and  it  is  not  surprising  that  the  most 
frequent  responses  to  such  words  show  a  higher  frequency  with 
adults  than  with  children.     The  natural  tendency  of  adults  to 
respond  by  the  opposite  or  the  correlative  would  no  doubt  be 
strengthened  by  the  constant  occurrence  of  opposites  in  the  list 
of  stimulus  words.     It  is  clearly  the  peculiar  character  of 
Saling's  list  of  stimulus  words  which  accounts  for  the  very  high 
frequency  of  the  most  common  or  preferred  responses.    On  the 
average,  with  adults,  the  frequency  of  the  preferred  response 
was  56  per  cent.    The  Kent-Rosanoflf  adult  frequency  tables,  on 
the  other  hand,  show  only  one  response  of  a  frequency  over  56 
per  cent,  while  they  show  an  average  frequency  for  the  most 
common  response  of  only  26  per  cent." 

It  is  evident,  from  the  above  considerations,  that  we  are  not 
entitled  to  generalize  Saling's  conclusions.  With  other  stimulus 
words,  the  frequency  of  the  most  favored  response  might  not  be 
as  great  in  adults  as  in  children.  The  result  obtained  would 
clearly  depend  upon  what  words  were  used  as  stimulus  words. 
Rusk**  studied  free  association  in  22  school  boys,  from  7J4 

"  Sec  Chapter  VI,  "p.  84-92. 
»»  Cf .  Chapter  VII,  p.  97-98. 

^•Rusk,   Robert   R.,   'Mental   Association   in  Children',   Brit.  Journal   of 
Psychol.,  Vol.  Ill,   1909-1910,  pp.  349-385. 
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to  I4}4  years  of  age.  The  stimulus  words,  thirty  in  number, 
were  presented  visually  instead  of  orally.  The  instructions  used 
were  as  follows :  ''A  word  will  be  shown,  e.g.,  dog.  When  any- 
thing comes  into  the  mind,  either  name  it  or  say  'Now' ;  then  tell 
as  exactly  as  possible  what  passed  in  the  mind.  Take  your  own 
time,  but  answer  immediately  the  first  idea  comes  into  your 
mind."^  Among  the  conclusions  reached  may  be  mentioned  the 
following: 

"The  d^free  of  perseverance  varies  inversely  with  age  and 
intdligence.  The  present  investigation  confirms  the  results  of 
previous  workers  on  this  point*^ 

"The  present  investigation  confirms  the  statement  of  Ziehen 
as  to  the  astonishing  definiteness  and  vividness  of  the  child's 
imagery  which  has  much  the  same  characteristics  as  its  percept- 
ual experience,  viz.  vividness  and  definite  spatial  and  temporal 
localization:  it  also  supports  the  general  view  as  to  the  great 
predominance  of  concrete  visual  imagery  over  other  forms  of 
imagery  accompanying  the  thought  processes  of  the  child. 

"Children  who  are  best  endowed  with  respect  to  the  various 
forms  of  imagery  do  not,  it  woidd  appear  from  the  analysis  of 
the  introspection  here  undertaken,  necessarily  stand  highest  in 
school."" 

Reinhold,^  in  1910,  published  a  children's  association  fre- 
quency table,  based  on  data  obtained  from  300  school  girls  with 
46  stimulus  words.  The  girls  ranged  from  7  to  17  years  of  age, 
and  were  distributed  in  10  successive  classes,  30  in  each  class. 
The  stimulus  words  were  read  to  the  dass,  and  the  children  wrote 
down  the  first  word  that  came  to  them.  The  number  of  different 
reaction  words  given  by  the  300  children  to  one  stimulus  word, 
was,  on  the  average,  68.1.  The  average  frequency  of  the  most 
frequent  response  was  about  26  per  cent,  but  varied  from  51.7 
per   cent    (thunder, — ^lightning)    to    10.0    per   cent    (play, — 

^  Op.  cit,  f).  359. 

21  €f.  Meumann,  p.  6  above,  conclusion  no.  7. 

"  Op.  cit,  p.  385. 

^^Reinhold,  Ferdinand  'Beitrage  zur  Assoziationslehre  anf  Grand  von 
Massenversuchen/  Ztsch.  f.  Psychol,  u.  Physiol,  d,  Sinnes.,  Vol.  LIV,  1910 
pp.  183-214. 
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child (ren)  and  tmderstand, — ^hear).  The  frequency  with  which 
no  response  was  given  varied  from  1.7  per  cent  (for  tree)  to 
22  per  cent  (for  understand),  Reinhold  studied  the  variation  with 
age  in  the  percentage  (of  all  the  responses)  constituted  by  the 
most  frequent  responses.  He  found  no  very  reliable  change  in 
this  percentage  throughout  the  10  different  grades.**  It  has 
been  mentioned  above  that  Saling  found  the  frequency  of  the 
most  common  responses  to  be  definitely  higher  with  adults  than 
with  children.  The  statement  was  made  that  this  result  would 
depend  upon  the  words  used,  a  statement  that  is  verified  by  Rein- 
hold's  failure  to  find  more  than  a  mere  suggestion  of  this  ten- 
dency in  comparing  children  varying  in  age  from  7  up  to  17. 
Reinhold's  list  of  words,  consisting  mainly  of  unrelated  nouns 
and  verbs,  was  very  different  from  that  used  by  Saling. 

Reinhold  makes  some  interesting  observations  on  the  value  of 
the  free  association  test  for  the  diagnosis  of  intelligence.  Divid- 
ing each  of  his  ten  classes  on  the  basis  of  school  performance 
into  halves,  an  upper  and  a  lower,  he  finds  no  correlation  between 
intelligence  and  the  tendency  to  give  sound  associations,  that  is, 
associations  where  stimulus  word  and  reaction  word  show  simi- 
larity in  sound.  This  finding  contradicts  one  of  Meumann's 
propositions.*'  Reinhold  is,  in  general,  skeptical  of  the  value 
of  the  free  association  method  for  the  diagnosis  of 
individual  ability.  He  points  out  that  the  reaction  type  is  not 
always  constant,  but  is  easily  and  extensively  modified  by  slight 
and  unknowable  influences.*®  For  example,  a  school  girl,  who 
upon  first  testing  gave  15  per  cent  of  sound  associations,  upon 
second  testing  gave  only  5  per  cent,  while  another  gave  at  first 
testing  only  2  per  cent,  but  upon  retesting  gave  75  per  cent. 

Goett*^  interested  himself  mainly  in  the  use  of  free  association 
tests  for  the  diagnosis  of  ipentally  abnormal  children,  but,  for 
the  sake  of  comparison,  studied  normal  children  as  well.     He 

2*  Op.  cit,  p.  184. 
2»S'ee  p.  6,   no.  4« 
"  Op.  cit,  pp.  213-214. 

*^Goctt  Theodor,  'Assoziationsversuche  an  Kindern,'  Ztsch,  /.  Kinder- 
heilkunde,  Originale   i,   191 1,  PP.  241-345- 
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stu-i:ed  individually  and  bj  the  oral  method,  using  a  list  of  lOO 
stinrjius  words,  52  children,  between  8  and  14  years  of  a^ 
of  whom  24  were  normal,  12  not  quite  normal,  and  16  fedde 
minded,  epileptic  or  hjstcricaL  He  did  not  ask  for  introq>ectk)is 
as  he  thinks  them  unreliable  when  obtained  from  children. 

He  gives  first  his  restilts  with  normal  children.     He  states 
that  the  reaction  words  themsdves,  regarded  as  such,  and  with- 
out respect  to  their  relation  to  the  stimulus  words,  have  litLe 
interest      Howe\-er,  he  notes  the  not  infrequent   presence  k 
normal  children  of  reactions  by  phrases,  of    faulty  reactions, 
including  both  cases  of  no  response  and  senseless  response,  and 
of  perseveration,  noting  particularly  the  perseveration  of  p^ 
fixes,  e.g.,  Mft  and  of  sufiixes,  e.g.,  the  German  ig.     As  regan^ 
the  relation  of  the  responses  to  the  stimulus  words,  Go^t  disda- 
guishes  between  inner  associations,  or  associations  by  conccptci! 
relationship,  e.g.,  ocean, — sea,  horse, — animal,  and  outer  associa- 
tions, or  associations  by  spatial  and  temporal  contiguity,  t%-, 
ocean, — ship,  horse, — ^wagon.**    Three-fourths  of  the  chiMrcBS 
reactions  are  found  to  be  inner  associations.     Within  the  imxr 
associations,  he  distinguishes  three  types,  which  he  calls  the  pre- 
dicative, the  coordinating  (including  the  contrasting)  and  the 
word  compounding.     The  latter  two  types  stand  in  a  rdati«x 
of  opposition  to  the  predicative.    Like  Jung,  he  defines  the  ju- 
dicative   associations    as    "all    judgments,    characteristics   or 
activities  that  are  in  any  manner  related  to  the  stimulus  word  as 
subject  or  object.""    The  following  are  illustrations  of  this  tx^t 
glass, — brittle;  father, — good;  good, — father;  tooth, — ^protrad- 
ing;  and  sing, — song.     This  class  constitutes  41  per  cent  of  al 
the  children's  responses,  or  over  half  of  the  inner  associations. 
For  children  under  12  years  they  constitute  50  per  cent  of  all 
associations,  while  for  children  over  12  years  they  form  only  33 
per  cent.    A  further  very  interesting  finding  is  that  the  percent- 
age of  these  predicative  associations  varies  with  the  social  das 
to  which  the  children  belong. ••    We  reproduce  the  figures : 

»•*  Op.  c'xt.,  p.  266. 
"Op.  cit.,  p.  a72. 
•oOp.  cxK  p.  273. 
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Children  Children 
under  12  over  12 

'Proletariate'  60%  4o9fc 

'Better  circles'  30%  25% 

With  psychopathic  children,  Goett  finds  the  free  association 
test  to  be  of  decided  diagnostic  value.  He  mentions  several  fea- 
tures which  he  regards  as  characteristic  of  the  associations  of 
the  feeble-minded.  As  compared  with  normal  childlren,  they  are 
slower;  they  show  more  perseveration;  they  give  a  larger  per- 
centage of  predicative  reactions;  they  react  more  often  with 
phrases  instead  of  a  single  word,  and  persist  in  this  form  of 
reaction  in  spite  of  instructions  to  react  with  a  single  word.'* 
All  the  features  which  Goett  mentions  as  differentiating  the 
feeble-minded  from  the  normal,  he  also  mentions  as  differentiat- 
ing the  yoimger  children  from  the  older.  On  the  other  hand,  he 
finds  that  rhymes,  word-completions,  citations  and  simple  con- 
trasts very  seldom  occur  with  the  feeble-minded.  In  only  one  of 
his  cases,  and  that  a  case  of  moral  rather  than  intellectual  defect, 
did  he  find  instances  of  association  by  contrast.**  These  findings 
are  in  opposition  to  those  of  Wimmer,**  and  are  interesting  in 
connection  with  the  comment  above  regarding  Meumann's 
conclusions." 

Rosanoff  and  RosanofI"  published  a  study  in  191 3  designed 
to  answer  the  question,  "At  what  age  in  childhood  or  in  youth 
do  the  assbciational  tendencies,  as  they  are  observed  in  normal 
adults,  become  fully  developed,  and  what  is  the  rate  and  manner 
of  their  development?"*®  Using  the  Kent-Rosanoff  list  of  100 
words,  they  obtained  the  responses  of  300  school  childten, 
twenty- five  of  each  age  from  4  to  15  inclusive. 

"In  making  the  tests  the  technique  as  originally  presented 

»^  Op,  cit,,  p.  327. 

"  Op,  Cit„  p.  324. 

**WiiTttner,  A.,  liber  Assoziationsuntersuchungen,  besonders  schwachsin- 
niger  Kinder/  Monatsschr,  f.  Psych,  u,  Neurol,,  Vol.  XXV.  1909.  pp.  169-268. 

«*  P.  7. 

*' .Rosanoff,  Isaibel  R.,  and  Rosanoff,  A.  J.,  A  Study  of  Association  in 
Children,'  Psych.  Rev,,  Vol.  XX,  1913,  43-89- 

»•  Op,  cit,  p.  43. 


Digitized  by 


Google 


I6  HERBERT  WOODROW  AND  FRANCES  LOWELL 

could  not  in  all  cases  be  followed  exactly;  the  best  wav  seemed 
to  be  by  asking  the  child,  after  his  confidence  had  been  gamed 
and  he  had  become  composed,  'What  does  table  naake  j'ou  tim 
of  ?'  Failing  to  obtain  a  response  some  other  word  wodd  k 
selected:  *\Vhat  does  music  make  you  think  of?'  or  *Wlmt  docs 
black  make  you  think  of?'  In  this  way,  eventually,  a  respcasc 
was  obtained,  and  it  w^as  then  possible  to  proceed  with  the  stiiE- 
lus  words  in  their  proper  order." 

"Many  of  the  stimulus  words  often  evoked  either  no  respocse 
at  all  or  only  some  such  response  as  'I  don't  know^  that'  cr 
'Mamma  never  taught  me  that' ;  .  .  .  Such  instances  wctc  rr 
corded  as  failures  of  reaction,  but  at  the  conclusion  of  every  test 
the  stimulus  words  to  which  no  responses  were  obtained  wet 
given  again  with  a  view  to  reducing  the  number  of  failures  of 
reaction  in  every  case  to  a  practical  minimum,"" 

The  association  records  obtained  from  the  children  were 
analyzed  in  accordance  with  the  Kent-Rosanoff  classificati-x 
Any  response  occurring  only  once  in  one  of  the  Kent-RosaiK)n 
frequency  tables  for  adults  is  regarded  as  an  individual  adah 
association,  unless  it  is  a  grammatical  variant  or  derivative  of 
some  other  word  in  the  table,  in  which  case  it  is  called  a  *doi3b- 
ful'  reaction.  The  percentage  of  individual  reactions  in  hk 
Kent-Rosanoff  adult  frequency  tables  is  6.8.  This  means  that  © 
each  of  their  stimulus  words,  there  occurred,  excluding  doubtfi 
reactions  on  an  average  68  responses  with  a  frequency  of  only  i 
Now  the  data  obtained  with  children  were  classified  according  K 
the  same  rubrics,  using  the  adult  frequency  tables  as  a  standaii 

Any  reaction  given  by  the  children  which  did  not  occur  at  all 
in  the  adult  frequency  tables  was  classified  as  individual.  This 
procedure  is  of  value  only  in  shedding  light  on  the  partictdar 
problem  asked  by  Rosanoff  and  Rosanoff,  as  to  when  the  asso- 
ciational  tendencies  of  children  become  like  those  of  adults.  It 
will  not  determine  whether  children  give  more  individual  asscKi- 
tions  than  adults.  An  individual  association  in  the  case  of  as 
adult  means  an  association  not  given  by  other  adults.  That  it 
may  not  be  given  by  children  does  not  make  it  an  individual  asso- 

^•^Op.  cit.,  p.  44. 
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cia^tion.  For  example,  the  association,  stomach, — organ,  has  a 
frequency  of  8i  in  the  Kent-Rosanoff  table,  and  the  associa- 
tion, hand, — foot,  a  frequency  of  204.  Neither  of  these 
associations  occurs  at  all  in  our  children's  tables.  Now  for 
adults,  these  associations  could  not  be  classified  as  individual. 
!Many  such  illustrations  could  be  given. 

Similarly,  an  individual  association  in  the  case  of  a  child  should 
mean  an  association  not  given  by  other  children,  and  should  not 
be  called  individual  merely  because  it  does  not  occur  with  adults. 
We  could  give  a  long  list  of  associations  which  have  a  frequency 
of    10  or  over  in  our  children's  tables  but  which  do  not  occur 
at   all  in  the  Kent-Rosanoff  tables,  and  which  would,  conse- 
quently, have  to  be  classed  as  individual  associations  if  we 
followed  the  procedure  of  Rosanoff  and  Rosanoff.    The  follow- 
ing are  a  few  illustrations,  with  the  frequencies  found  in  our 
children's  tables:  bread, — slice  (13)  ;  boy, — ^trouser  (16)  ;  moon, 
— face  (13);  street, — lamp  (41);  spider,-spin  (10);  beautiful, 
—doll    (  30)  ;    red, — ^lantem    (13);    working, — clothes    (15); 
sour,— cream  (52);  loud, — cry  (29);  and  carpet, — dirty,  (35). 
Any  procedure  which  classifies  such  children's  associations  as 
individual,  merely  because  they  are  not   found  in  the  Kent- 
Rosanoflf  tables,  even  though  it  may  be  of  aid  in  answering 
some  particular  question,  is  evidently  far  from  satisfactory. 

Even  had  Rosanoff  and  Rosanoflf  compiled  children's  fre- 
quency tables  from  their  data,  which  they  did  not,  it  would  have 
been  impossible  to  reliably  compare  adults  and  children  with 
respect  to  individual  associations,  because  of  the  difference  in 
the  size  of  the  groups.  A  frequency  of  one  in  a  total  of  one 
thousand  is  a  different  thing  from  a  frequency  of  one  in  a  total 
of  three  hundred.  The  natural  expectation  would  be  that  as  the 
size  of  the  group  increased  the  absolute  number  of  individual 
reactions  would  increase  but  that  the  percentage  of  such  would 
decrease.  This  would  be  the  natural  result  because  of  the 
principle  noted  by  Saling  that  there  is  a  tendency  among  normal 
persons  to  respond  to  any  stimulus  word  by  one  or  another  of  a 
fairly  small  group  of  words."  The  impropriety  of  comparing 
"0^.  cfV.,  p.  14. 
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percentages  from  association  frequency  tables  based  on  widdy 
different  numbers  was  fully  stated  by  Reinhold**  and  proved 
statistically  by  Dauber.** 

Passing  from  the  consideration  of  methods  to  that  oi  con- 
clusions, we  find  that  the  Rosanoffs  state  as  their  main  oondusioa 
that,  ''as  compared  with  adults,  children,  especially  those  under 
eleven  years  of  age,  give  a  larger  number  of  doubtful  and  mdi- 
vidual  reactions  and  of  failures  of  reaction,  there  being  a  cc^- 
responding  reduction  of  common  reactions.""  They  state  fa- 
ther that,  "All  the  characteristics  by  which  test  records  of  chil- 
dren differ  from  those  of  adults  are  most  marked  in  the  youngest 
children,  grow  less  marked  with  advancing  age,  and  become  prac- 
tically obliterated  at  the  age  of  eleven  years."  Now  the  Rosan- 
offs have  compared  children  and  adults  only  with  respect  to  the 
following  characteristics :  individual  and  doubtful  reactions  asd 
failures  of  response.  Their  statement,  then,  to  the  effect  that  at 
the  age  of  eleven  years  all  characteristics  of  association  in  chil- 
dren are  the  same  as  in  adults  is  evidently  much  too  broad.  Wc 
emphasize  this  point,  because  we  believe  that  the  characteristics 
in  which  the  Rosanoffs  have  compared  adults  with  chiktres 
so  far  from  being  all-inclusive,  are,  in  fact,  comparatively  unes- 
sential, technical**  matters, — what  Goett  calls  the  'by-products' 

**  "Wenn  man  die  Zahl  der  Versuchspersonen  immer  weiter  vermehrt,  trtt 
infolge  der  Beschrankdiek  des  Sprachsdiatzes  and  anch  sdion  infolge  ie 
Beschranktheit  der  Anzahl  der  bekannteren  Worter  schliesslich  der  FaE 
ein,  das  es  den  neu  hinzukommenden  Versuchspersonen  anmosJkb  o4ff 
wenigstens  schwierig  ist  ein  neaes  Reaktionswort  m  nennen.  Sie  werda 
infolgedessen  genotigt  sein,  um  so  mefir  ubereinstimmende  Worter  zu  nenDcn, 
je  mdir  die  Zahl  der  Versuchspersonen  wadist  Es  iA  daiier  nidbt  rklitig;  mt 
Wreschner  es  tut,  die  Zahl  der  bei  einem  'Reizwort  vorkommenden  Terscfaied- 
enen  Rcaktionsivorter  in    Prozenten  anzugeben."    Op.  cit,  p.  186. 

^Dauber,  Johann.,  'Ueber  bevorzugte  Assomtionen  und  Terwmdle 
Fhanomene/  Ztsch,  f,  Psychol  u.  Physiol,  d.  Sinnes,,  Vol.  LIX,  191 1,  Tafck 
8.  p.  196. 

*>  Op.  cit.,  p.  88. 

**  Whipple  writes  as  follows :  The  author  (Whipple)  is  inclined  to  be- 
lieve that  here,  as  in  not  a  few  other  instances  in  which  children  diflFer  fros 
adults  in  psychological  tests,  wh»t  we  are  really  bringing  to  lig^ht  is  an  in- 
ability of  the  children  to  understand  the  instructions  or  disdination  to  fdkv 
them  if  they  are  understood."— 'Manual  of  Mental  and  Physical  Tests,'  Part 
II,  2d  ed.,  191 5,  p.  62. 
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of  the  association  experiment.*'  We  should  say  that  the  main 
comparison,  and  the  only  one  which  could  really  utilize  all  the 
data  of  frequency  tables,  was  a  comparison  of  the  response  words 
of  children  with  those  of  the  adults,  to  see  whether  these  re- 
sponses were  the  same  and  to  what  extent  their  frequency  was 
the  same.    This  the  Rosanoff s  have  not  attempted. 

In  conclusion,  we  shall  mention  three  recent  studies  designed 
to  show  the  value  of  free  association  experiments  in  the  diag- 
nosis of  feeble-mindedness  and  the  determination  of  mental  age. 
These  are  the  studies  of  Eastman  and  Rosanoff,  Otis,  and 
Romer. 

Eastman  and  Rosanoff,**  after  a  study  of  253  subjects  selected 
on  the  basis  of  backwardness  in  studies  as  rated  by  teachers,  con- 
clude that  states  of  arrested  mental  development  present  certain 
fairly  characteristic  associational  tendencies.  These  tendencies 
are  characterized  mainly  by  failures  of  reaction,  non-specific 
reactions,  e.g.,  person,  man,  article,  nice,  use,  etc.,  and  certain 
types  of  individual  reactions.** 

Otis**  studied  132  mentally  defective  children  and  202  normal 
children  by  the  Kent-Rosanoff  association  test.  In  the  case  of 
normal  children,  an  unusual  variation  in  procedure  consisted 
in  testing  two  children  at  the  same  time  by  the  oral  method.  It 
is  said,  however,  that  the  type  of  response  was  not  affected  by  this 
method ;  that  if  a  child  tended  to  reply  by  associations  of  a  cer- 
tain type,  he  would  continue  to  do  so  even  though  his  neighbor 
were  replying  by  associations  of  a  different  type.  It  is  said,  also, 
that  the  general  result  was  not  affected  by  the  personality  of  the 
examiners,  two  of  whom  cooperated  in  giving  the  tests.  Otis 
distinguishes  five  types  of  response,*^  as  follows: — (I)  Repeti- 
tion of  stimulus.    If  50  per  cent  or  more  of  a  child's  reactions 

*»Goett,  Th.,  'Associationsversuche  an  Kindern,'  Ztsch,  f,  Kinderheilkunde, 
Originale  i,  1911,  p.  258. 

^^  Eastman,  Frederic  C,  and  Rosanoff,  A.  J.,  'Association  in  Feeble-Minded 
and  Delinquent  Children/  Amer.  J.  of  Insanity,  Vol.  LXIX,  1912,  pp.  125-141. 

*'  Op,  cit,  p.  141. 

*«  Otis,  Margaret,  'A  study  of  Association  in  Defectives,'  Joum,  of  Educ, 
Psychol.,  Vol.  VI,  1915,  pp.  271-288. 

*^  Op,  cit,  p.  275. 
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are  the  repetition  of  the  stimulus  word,  the  diild  bdongs  to  tins 
type.  (II)  Non-logical.  This  means  that  words  ire  given  at 
random  without  connection  with  the  stimulus  word.  (Ill)  Sound 
reactions.  The  reaction  word  is  connected  by  sound  with  tk 
stimulus  word.  It  may  be  either  a  word  or  neologism.  (I\  > 
Reaction  consists  of  more  than  one  word.  This  may  be  a  nosi 
with  modifier,  a  phrase  or  a  complete  sentence.  (V)  Rcactko 
one  word,  normal  type.  At  least  50  per  cent  of  these  reartioBs 
must  be  fotmd  in  the  frequency  tables  of  Kent  and  Rosaoof 
Type  I  (repetition  of  stimulus  word)  is  common  in  noraialdBl- 
drcn  of  4  or  5  years  of  age  and  in  defectives  of  2  to  6  ytan 
mental  age.  Type  II  (non-logical  or  incoherent)  occurs  ic 
normal  chilldren  or  4  to  8  years  of  age,  and  in  defectives  fnn 
3  to  5  years  of  age.  It  is  commonest  in  normal  children  of  j 
years.  Type  III  (sound  reactions)  appears  sporadically.  Tjpc 
IV  (reaction  consists  of  more  than  one  word)  occurs  in  Domal 
children  from  4  to  8  years  of  age,  and  in  defectives  from  4^ 
10  years  of  mental  age.  Type  V  (reaction  one  word,  nonnl 
type)  occurs  in  both  normal  and  defectives  as  early  as  thcap 
of  4  but  is  not  established  as  the  prevailing  type  much  beioK 
the  age  of  eight.*' 

Our  comment  upon  this  work  of  Otis,  as  upon  that  of  Rosanoc 
and  Rosanoff,  would  be  that  it  deals  merely  with  by-prodoctsat 
the  association  test.  From  our  viewpoint,  the  main  thing  sk 
establishes,  so  far  as  the  psychology  of  association  is  conccrnei 
is  that  children  under  8  are  too  young  for  the  Kent-Rosanoff  test 
We  would  also  criticize  strongly  the  use  of  the  Kent-Rosanw 
adult  tables  for  the  determination  of  the  normality  of  chiJdrcD« 
responses  (see  Type  V). 

Romer"  is  interested  mainly  in  the  use  of  the  favorite,  or 
most  frequent,  responses  as  a  possible  means  of  the  diagnosis  ot 
feeble-mindedness.  He  obtained  free  association  responses  by 
the  oral,  individual  method  from  120  mentally  retarded  chil(t* 
children  of  the  Hilfschule  of  Wiirzburg,  between  the  ages  of  73 

"  Op.  cit,,  p.  282. 

*•  Romer,  Fritz,  'Associationswrsuchc  an  geistic:  ZuriichgcblicnW*' 
Kindern,'  Forschritte  d.  Psychol,  u.  ihrer  Amvendungen,  Vol.  M  '^'*  ^ 
43-101. 


Digitized  by 


Google     I 


CHILDREN'S  ASSOCIATION  FREQUENCY  TABLES  21 

and  15.6  years.    For  comparison,  he  obtained  data  by  written 
class  responses  from  441  normal,  school  children  from  7  to  14 
years  of  age.    His  conclusions  bear  not  only  on  the  favorite  re- 
sponses, that  is,  those  of  highest  frequency,  but  upon  all  re- 
sponses of  a  frequency  over  one,  which  we  may  designate  rom- 
mon  responses.    He  finds  that  with  retarded  children  the  favorite 
responses  are  different  than  with  normal  children,  and  that, 
except  in  cases  where  the  stimulus  word  is  a  numeral,  their  fre- 
quency is  less.    The  frequency  of  the  favorite  responses  increases 
with  the  chronological  age  of  the  normal  children  and  with  the 
mental  age  of  the  retarded  children.    It  will  be  remembered  that 
Reinhold  did  not  find  much  regularity  in  the  relation  between  the 
frequency  of  the  favorite  responses  and  age,  but  Romer  thinks 
that  it  is  definite  enough  to  give  value  to  free  association  as  an 
intelligence  test.    He  reckons,  for  each  child,  what  percentage 
of  his  reactions  consists  of  favorite  responses.    He  then  calcu- 
lates for  children  of  each  age  what  percentage  of  favorite  re- 
sponses is  exceeded  by  three  fourths  of  them.    This  latter  per- 
centage he  calls  the  minimal  normal  percentage  of  favorite  re- 
actions.   He  then  observes  that  the  great  majority  of  his  retarded 
children  fall  below  the  minimum  for  normal  children  of  the 
same  chronological  age,  but  equal  or  exceed  that  of  normal  chil- 
dren of  the  same  mental  age.^** 

As  regards  the  form  of  the  associations  of  retarded  children, 
Romer  notes  a  very  frequent  occurrence  of  sound  associations,  of 
word  completions,  of  the  formation  of  new  words,  and  of  per- 
severation.'^ 

In  justice  to  the  authors  mentioned  in  the  preceding  review, 
it  should  be  noted  that  reference  has  been  made  only  to  work 
which  bears  directly  upon  the  problem  of  the  present  investiga- 
tion, that  is,  upon  the  characteristics  of  free  association  in  chil- 
dren. We  have  taken  no  account  of  work  that  has  been  done  on 
controlled  association,  in  which  the  response  has  to  be  of  a  cer- 
tain category,  nor  have  we  discussed  the  somewhat  conflicting 
findings  on  association  time.     On  the  latter  point,  however,  a 

•0  Op.  Cit,  pp.  loo-ioi. 

"0^a7.,p.  99. 
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few  words  should  be  added,  though  it  is  unnecessary  to  attempt  a 
detailed  history. 

By  association  time,  is  meant  the  time  (usually  measured  bj 
a  stop  watch  in  fifths  of  a  second)  elapsing  from  the  pronouncing 
of  the  stimulus  word  imtil  the  occurrence  of  the  subject's  re- 
sponse. With  unpracticed  adults,  the  median  association  time  is 
usually  somewhere  between  6  and  15  fifths  of  a  second.  Wit 
practice,  this  time  tends  to  decrease  towards  a  limit  of  6  fifths 
of  a  second."  Now  with  children  of  9  to  12  years  of  age,  the 
association  time  is  on  the  average  longer  than  wnth  adults,  bat 
at  the  same  time  very  irregular.  We  have,  also,  noted  enonnoiis 
individual  variations  in  children's  association  time.  In  spite  ot 
the  fact  that  association  time  is  unquestionably  greater  in  chil- 
dren than  adults,  it  has  been  hard  to  establish  any  reliable  co^r^ 
lation  in  children  between  association  time  and  age,  mental  or 
chronological. 

In  the  case  of  adults,  when  any  association  requires  consider* 
bly  longer  than  the  average  association  time  of  the  individual 
this  association  has  unusual  significance.  It  has  been  showu 
that  such  lengthened  times  are  often  due  to  the  stimulus  worf 
being  connected  with  strongly  emotional  complexes.  Even  is 
adults,  however,  there  are  other  factors  than  emotional  connec- 
tions which  tend  to  lengthen  the  free  association  time.  On  this 
point  we  may  well  quote  from  Wells. 

"The  free  association  time  is  exactly  what  its  name  implies,  a 
measure  of  associative  freedom.  This  involves  a  freedom  0: 
presentation,  of  selection,  of  expression.  We  obtain  uniforwlj 
short  association  times  in  those  individuals  in  whom  all  thcsf 
processes  are  comparatively  free.  Where  longer  times  arc 
found,  obstruction  of  some  sort  is  indicated.  .  .  .  This  is  as  far 
as  the  unsupported  association  time  will  carry  one.  It  remains 
then  to  become  acquainted  with  the  nature  of  the  obstruction. 
Where  it  is  found,  it  must  not  be  incontinently  set  down  to  emo- 
tional factors,  but  the  roles  of  suppression,  indecision,  and  the 
like,  must  be  carefully  compared  and  weighed  by  the  best  avail- 

"Wells,  F.  L.,  Tracticc  Effects  in  Free  Association,'  Amer.  J.  of  Psyckok 
Vol.  XXII,  191 1,  p.  13'. 
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able  means.  Then  only  do  the  differences  in  association  time 
assume  their  complete  significance  for  the  test,  which  is  the  most 
searching  of  all  psychological  experiments,  and  gives  more  coer- 
cively  than  all  others,  a  paradigma  of  the  subject's  mental 
habits."" 

There  is  little  data  on  the  causes  of  lengthened  association 
times  in  children,  but  it  seems  probable  that  they  are  so  very 
frequently  connected  with  lack  of  familiarity  with  the  stimulus 
word  or  with  inability  of  the  stimulus  word  to  call  up  any  as- 
sociated word,  that  they  have  not  the  same  value  as  with  adults. 

In  conclusion,  we  may  summarize  briefly  the  present  status  of 
our  knowledge  of  children's  associations  as  compared  with  those 
of  adults.  Only  two  investigators  have  undertaken  any  system- 
atic comparison  of  the  association  types  of  children  with  those 
of  adults.  These  are  Ziehen  and  Wreschner.  Ziehen's  main  re- 
sult, which  is  very  important,  consists  in  the  determination  that 
children  make  much  greater  use  of  concrete  images  and  much 
less  use  of  abstract  ideas  than  do  adults.  Wreschner  arrives  at 
a  number  of  interesting  differences  in  association  type  between 
children  and  adults,  but  he  used  only  two  children,  the  oldest  of 
whom  was  only  5^  years  of  age. 

In  additions  to  the  comparisons  of  Ziehen  and  Wreschner 
concerning  association  types,  we  have  those  of  Saling  and  of 
Rosanoff  and  Rosanoff.  Saling  compared  her  results  in  chil- 
dren with  those  of  Thumbe  and  Marbe  and  found  that  the  most 
frequent  response  had  a  higher  frequency  with  adults  than  with 
children.  We  have  pointed  out  that  this  result  was  likely  due  to 
the  peculiarities  of  the  list  of  stimulus  words  used.  Our  own 
investigation  emphatically  fails  to  support  the  general  validity  of 
Saling's  conclusion.  Rosanoff  and  Rosanoff  conclude  that  chil- 
dren give  more  individual  associations  than  adults,  but  we  have 
shown  that  their  procedure  was  not  capable  of  throwing  any  light 
on  such  a  matten  but  merely  established  that  children's  associa- 
tions are  different  from  those  of  adults.  It  does  not  tell  us 
how  they  are  different. 

**  Wells,  F.  L.,  'Some  Properties  of  the  Free  Association  Time,'  Psychol 
Rev.,  Vol.  XVIII,  191 1,  p.  23. 
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CHAPTER  III 

Procedure 

I.  Oral  and  Written  Responses. 

The  review  of  previous  work  in  the  preceding  chapter  has 
shown  that  various  procedures  have  been  used  by  different  inves- 
tigators. All  these  procedures  agree,  however,  with  the  possible 
exception  of  Ziehen's  and  Rusk's,  in  that  they  call  upon  the  sub- 
ject to  respond  with  the  very  first  word  called  up  by  the  stimu- 
lus word.  The  stimulus  word  has  nearly  always  been  given 
orally  and  the  response  either  written  or  spoken,  written  when 
groups  of  children  were  used  and  spoken  when  the  children 
were  taken  individually.  In  most  of  the  more  extensive  investi- 
gations of  children's  associations,  the  children  have  been  school 
children,  who  were  taken  in  classes;  and  in  such  cases,  the 
responses  have  been  written.  Written  responses  were  used  by 
Meumann,  Saling  and  Reinhold.  Romer  used  written  responses 
with  his  normal  children  and  oral  responses  with  his  mentally 
retarded  children  with  whom  he  compared  them. 

So  far  as  can  be  observed  from  the  results  reached,  it  matters 
little  whether  one  uses  the  oral  or  written  method.  The  main 
difference  seems  to  be  that  with  the  written  method  cases  of  no 
response  are  more  frequent,  though  the  number  of  such  obtained 
with  the  oral  method  depends  greatly  upon  details  of  the  pro- 
cedure, such  as  the  time  allowed  for  a  response  and  the  patience, 
manner,  suggestion  and  urging  of  the  experimenter.  The  writ- 
ten method  commends  itself  in  statistical  investigations  because 
of  the  great  saving  in  time  and  the  greater  uniformity  of  condi- 
tions. If  a  child  hesitates,  there  is  no  extra  waiting  and  no  sug- 
gestive questioning, — ^no  tendency  to  give  him  the  word  a  second 
or  a  third  time.  We  have,  consequently,  used  the  written  method 
in  obtaining  data  for  the  present  frequency  tables. 

Since,  however,  the  Kent-Rosanoff  adults'  tables  were  obtained 
by  the  individual  oral  method,  we  have  checked  up  our  residts  by 
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compiling  additional  frequency  tables  for  the  first  nine  words 
from  data  obtained  individually,  by  the  oral  method,  from  a 
thousand  additional  children.  The  results  obtained  by  the  oral 
method  are  given  in  full  in  our  children's  frequency  tables,  the 
frequencies  obtained  orally  being  distinguished  from  those  ob- 
tained in  writing  by  being  in  parentheses. 

It  does  not  require  more  than  a  cursory  examination  to  see 
that  in  general  the  written  and  oral  results  run  parallel.  The 
same  differences  exist  between  adults  and  children  whether  we 
use  the  oral  or  the  written  data, — at  least  so  far  as  the  conclu- 
sions of  the  present  monograph  are  concerned.  One  need  not  be 
surprised  that  in  particular  responses  great  discrepancies  exist 
between  the  oral  and  written  results.  One  must  keep  in  mind  the 
imreliability  of  the  obtained  frequencies.  If  one  should  compile 
another  adult  frequency  table  and  compare  it  with  that  of  Kent- 
RosanofF,  it  would  be  very  surprising  if  marked  discrepancies 
were  not  found.  Now  it  is  very  hard,  without  making  certain 
questionable  assiunptions,  to  calculate  the  probable  errors  of  the 
frequencies  obtained  in  these  tables.  We  have  calculated,  how- 
ever, that  less  than  20  per  cent  of  the  discrepancies  between  our 
oral  and  written  results  can  be  reliably  regarded  as  due  to  any- 
thing else  than  errors  of  sampling.  On  the  whole,  the  oral  and 
written  results  agree  to  a  sufficient  extent  to  indicate  that  the 
differences  which  are  later  pointed  out  to  exist  between  children 
and  adults  are  independent  of  details  of  the  procedure, — that  they 
represent  real  differences  in  mentality  and  not  differences  due  to 
technique.  To  establish  this  proposition  beyond  dispute,  how- 
ever, we  present  in  Chapter  IX,  detailed  comparisons  of  the  re- 
sults obtained  orally  and  in  writing. 

2.  Instructions. 
The  instructions  were  essentially  the  same  whether  we  used 
the  oral  or  written  method.  In  using  the  oral  method,  the  in- 
structions were  given  to  the  entire  class.  The  children  were  then 
sent  out  one  at  a  time  into  another  room  where,  without  further 
instructions,  they  were  tested  individually.  It  has  been  the  ex- 
perience of  previous  investigators  that  children  need  some  illus- 
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tration  of  what  is  wanted  in  the  test.  As  the  illustrations  given 
may  have  a  strong  suggesting  influence,  it  is  important  that  they 
should  be  given  very  carefully  and  be  accurately  recorded.  We 
wrote  out  our  instructions  beforehand.  They  were  given  as 
follows,  an  eraser  first  being  taken  from  the  chalk  tray  and  held 
up  before  the  class : 

"If  I  were  to  ask  you  for  the  very  first  word  that  comes  into 
your  minds  when  I  hold  up  this  eraser,  some  of  you  would  prob- 
ably say,  'chalk', — ^'blackboard', — ^'write', — or  'school', — ^while 
others  might  think  of  the  color,  'red',  or  'blue' ;  or  of  the  material 
of  which  it  is  made,  as,  'felt',  or  'wood'.  Still  others  of  you  might 
remember  that  just  before  recess  or  noon  you  worked  arithmetic 
on  the  blackboard,  and  that  your  work  had  to  be  erased  before 
you  could  be  dismissed, — ^and  so  to  you,  the  sight  of  an  eraser 
might  suggest  the  word  'play', — ^'home', — 'dinner', — or  'recess'. 

"Now  let  us  take  another  word,  and  I'll  give  you  a  quarter 
of  a  minute,  by  this  stop  watch,  to  think  before  raising  your 
hands.  What  would  you  think  of  first  if  I  said  'clock'  ?  (Fifteen 
seconds  allowed)  Ready." 

Instantly  hands  go  up,  and  the  responses  are  called  for.  The 
variety  of  responses  serves  well  to  illustrate  what  is  wanted,  and 
inspires  confidence  in  the  pupils.  It  also  gives  the  experimenter 
a  chance  to  correct  any  who  reply  with  a  phrase  in  place  of  a 
single  word,  or  who  merely  repeat  the  stimulus  word. 

After  this,  instructions  were  continued,  exactly  as  follows, 
for  the  written  responses,  and  with  the  obviously  necessary 
changes  for  the  oral  : 

"What  you  are  to  do  now,  is  this.  I  will  give  you  a  large 
number  of  words,  but  instead  of  telling  me  what  they  make  you 
think  of,  I  want  you  to  write  on  some  blanks  I  have  here,  the 
very  first  word  that  comes  to  your  minds  when  I  give  you  a 
certain  word, — such  as  'clock'  that  we  just  talked  about." 

Blanks,  already  ruled,  are  then  passed,  and  the  instructions 
for  writing  are  given : 

1.  Write  just  one  word  on  each  blank. 

2.  That  one  word  must  be  the  very  first  word  you  think  of. 

3.  Never  write  the  word  I  give,  for  you  will  not  have  time. 
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4.  If  you  do  not  think  of  anything  when  I  give  a  word,  leave 
blank  the  line  on  which  it  should  have  been  written. 

5.  If  uncertain  how  to  spell  a  word,  spell  it  by  sound. 

Just  before  beginning  the  experiment  the  following  questions 
were  asked,  to  be  answered  in  chorus. 

( 1 )  Are  you  going  to  write  the  word  I  pronounce?     (No.) 

(2)  How  many  words  are  you  going  to  write  on  each  blank? 
(One.) 

(3)  If  you  should  think  of  two  or  three  different  words, 
which  one  would  you  write?    (The  first.) 

3.  Choice  of  Stimulus  Words. 

As  we  desired  to  compare  our  results  with  those  of  Kent  and 
Rosanoff,  we  naturally  used  the  same  stimulus  words.  The  data 
obtained  by  Rosanoff  and  Rosanoff  had  already  shown,  however, 
that  some  of  the  words  were  too  hard  for  children.  This  was 
shown  by  the  large  number  of  failures  to  respond  to  some  of  the 
words.  We  accordingly  added  twenty  words  which  seemed  more 
appropriate  for  children,  so  that  we  worked  with  a  list  of  120 
stimulus  words.  The  words  added  were  the  following: — fun, 
school,  ice,  dog,  friend,  orange,  mouse,  finger,  circle,  kiss,  bird, 
money,  laugh,  garden,  ghost,  flag,  milk,  pencil,  stork,  and  candy. 
Of  the  100  Kent  and  Rosanoff  words,  there  were  only  ten,  how- 
ever, that  gave  over  20  per  cent  of  failures  to  respond.  We 
decided,  therefore,  to  reject  only  those  ten  words  and  to  use 
the  results  of  only  ten  of  our  twenty  new  words  in  their  place. 
Our  frequency  table,  consequently,  consists  of  one  hundred 
words,  ninety  of  which  are  identical  with  those  of  Kent  and 
Rosanoff.  Our  comparisons  of  adults  and  children  will  be  lim- 
ited of  course  to  these  ninety  words.  The  remaining  ten  Kent- 
Rosanoff  words  we  regard  as  too  unfamiliar  to  children  to 
allow  of  satisfactory  results. 

The  words  rejected  and  substituted  were  the  following: 
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Kent-Rosanoff  Words  New  Words 

Not  Used  Substituted 

12.  mutton  fun 

13.  comfort  school 
19.    command                                                candy 
32.    dtixcn                                                      stork 
45.    trouUe  garden 
56.    justice                                                    flag 
59.    health                                                     laugh 
61.    memory                                                   milk 
73.    religion                                                    ^ost 
76.    bitter  friend 

Of  the  ten  Kent-Rosanoff  words  rejected,  seven  were  iocnd 
by  RosanoflF  and  RosanoflF  to  give  the  largest  number  of  failure 
of  response,  and  the  remaining  three  were  also  found  by  then  tt- 
give  failures  comparatively  often/  Since  the  words  rejected  t^f 
us  were  those  which  we  foimd  to  give  the  largest  number  oi 
failures  of  response,  there  is  substantial  agreement  here  betweca 
our  results  and  those  of  RosanoflF  and  Rosanoff .  In  our  ckil- 
dren's  frequency  tables  we  have  given  the  stimulus  words  tie 
same  numbers  they  have  in  the  Kent-RosanoflF  tables,  and  sub- 
stituted our  ten  new  words  for  theirs  in  the  order  indkatri 
above. 

4.  Treatment  of  Failures  of  Response. 
When  it  came  to  comparing  children  with  adults,  the  prtsecct 
in  the  case  of  the  children,  of  a  large  group  of  failures  of  t^ 
sponse  with  most  of  the  stimulus  words  created  something  of « 
problem.  In  the  Kent-RosanoflF  adult  tables,  there  arc  no  a« 
of  no  response.  It  seemed  improper  to  compare  frequcnci^ 
based  on  1,000  adult  responses  with  frequencies  based  on,  say 
900.  children's  responses.  What  we  did,  was  to  take  cnoufi 
additional  responses  to  total  one  thousand  actual  responses,  d« 
including  failures  to  respond.  In  order  to  have  the  material  ioJ 
this,  we  used  200  additional  children,  and,  after  arranging  tlwf 
blanks  in  haphazard  order,  counted  down  as  far  as  necessary  w 
get  a  number  of  responses  equal  to  the  number  of  failures  o' 
response  with  the  stimulus  word  in  question.  We  proceedw 
similarly  with  the  oral  data,  fillling  in  failures  of  response  froJ" 
>  Psych,  Rev.,  Vol.  XX.  1913.  Table  III,  p.  47- 
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additional  oral  data.  Our  children's  frequency  tables  are  thus 
made  up  on  the  basis  of  one  thousand  actual  responses. 

These  additional  responses,  substituted  for  the  failures  of  re- 
sponse,  we  usually  found  to  consist  largely  of  the  same  words 
already  obtained  as  responses,  but  they  included  always  a  number 
of  new  responses.  That  this  filling-in  procedure  is  not  open  to 
any  material  objection  appears  evident  from  the  comparison  we 
have  made  of  the  frequency  tables  obtained  by  the  oral  method, 
with  which  the  niunber  of  failures  of  response  was  quite  small, 
and  those  obtained  by  the  written  method.  In  general,  then,  it 
is  probable  that  if  the  responses  had  been  obtained  from  those 
children  who  did  not  respond,  their  responses  would  not  differ 
strikingly  from  those  of  any  other  equal  number  of  children. 

The  munber  of  failures  of  response  in  one  thousand  children 
for  each  of  the  100  stimulus  words  is  given  in  the  accompanying 
table.    The  data  for  the  oral  responses  are  given  in  italics. 


Tablb  Showing  Numbbk  of  Faxlusbs  of  Rbspokse  to  Each  Stimulus  Wobo 


1.  Table 

2.  Dark 

3.  Music 

4.  Sickneaa 

5.  Man 

6.  Deep 

7.  Soft 

8.  Eating 

9.  Mountain 

10.  House 

11.  Black 

12.  Fun 

13.  School 

14.  Hand 

15.  Short 

16.  Fruit 

17.  Butterfly 

18.  Smooth 

19.  Candy 

20.  Chair 
21  Sweet 

22.  Whistle 

23.  Woman 

24.  Cold 

25.  Slow 


(//)  38 
iiSy  124 
(/tf)  22- 
(33)  90 
(tfo)  73 
(3d)  62 

102 

65 

0 

102 

175 

44 

112 

161 

59 

89 

109 

100 

123 

124 

172 


26.  Wish 

27.  River 

28.  White 

29.  Beautiful 

30.  Window 

31.  Rough 

32.  Stork 

33.  Foot 

34.  Spider 

35.  Needle 

36.  Red 

37.  Sleep 

38.  Anger 

39.  Carpet 

40.  Girl 

41.  High 

42.  Working 

43.  Sour 

44.  Earth 

45.  Garden 

46.  Soldier 

47.  Cabbage 

48.  Hard 

49.  Eagle 

50.  Stomach 


122 

51. 

Stem 

65 

76. 

Friend 

174 

18 

52. 

Lamp 

22 

77. 

Hammer 

34 

81 

53. 

Dream 

108 

78. 

Thirsty 

92 

39 

54. 

Yellow 

49 

79. 

City 

109 

21 

55. 

Bread 

38 

80. 

Square 

184 

127 

56. 

Flag 

63 

81. 

Butter 

79 

82 

57. 

Boy 

87 

82. 

Doctor 

91 

97 

58. 

Light 

90 

83. 

Loud 

187 

111 

59. 

117 

84. 

Thief 

77 

37 

60. 

Bible 

70 

85. 

Lion 

79 

115 

61. 

Milk 

25 

86. 

^ 

107 

78 

62. 

Sheep 

83 

87. 

31 

109 

63. 

Bath 

39 

88. 

Heavy 

141 

66 

64. 

Cottage 
Swift 

23 

89. 

Tobacco 

43 

120 

65. 

44 

90. 

Baby 

92 

98 

66. 

Blue 

58 

91. 

Moon 

97 

118 

67. 

Hungry 

103 

92. 

Scissors 

29 

107 

68. 

Priest 

114 

93. 

Quiet 

114 

97 

69. 

Ocean 

38 

94. 

66 

41 

70. 

Head 

126 

95. 

Salt 

172 

39 

71. 

Stove 

24 

96. 

Street 

59 

57 

72. 

Song 

89 

97. 

mng 
Cheese 

117 

175 

73. 

Ghost 

149 

98. 

65 

42 

74. 

Whiskey 

83 

99. 

Blossom 

S9 

95 

75. 

Child 

87 

100. 

Afraid 

92 

5.  The  Selection  of  the  Children. 
The  children  used  in  this  investigation  were  all  from  9  to  12 
years  of  age,  inclusive,  and  in  either  the  4th  or  5th  grade.  More- 
over, no  children  of  12  in  the  4th  grade  were  included.  The 
children  were  therefore  normal  children.  The  number  of  chil- 
dren of  each  age  composing  the  one  thousand  children  used  in 
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the  written  work  w-as  as  follows:  9  yrs.,  236;  10  yrs.,  327;  11 
yrs.,  293;  12  yrs,,  144.  The  two  hundred  children  wliwe^ 
sponses  were  used  to  fill  in  cases  of  no  response  were  distributed 
somewhat  the  same,  as  follows :  9  yrs.,  40;  10  yrs.,  71;  11  m, 
56;  12  yrs.,  33. 

Of  course,  it  would  be  desirable  to  have  a  frcqucnqr  tabic  for 
each  different  age,  or  for  as  many  different  a^cs  as  possiUt 
We  believe  it  unlikely,  in  view  of  the  enormous  labor  of  cod!- 
piling  such  tables,  that  any  individual  would  undertake  to  compSe 
several  of  them.  It  was  thought  that  the  four  ages  in  qocstiis 
might  be  fairly  satisfactorily  grouped  together.  We  have,  hor- 
ever,  tabulated  the  results  for  the  different  ages  sepantdj. 
Data  as  regards  the  most  frequently  given  responses  are  gm 
in  Giapter  V.  As  will  be  seen,  the  agreement  for  the  fourajB 
is  marked.  It  extends  throughout  the  whole  of  the  frqoacj 
tables.  Compared  with  the  differences  between  children  ri 
adults,  the  differences  between  9  and  12  year  old  chiWroiait 
very  slight 

There  were  several  reasons  which  influenced  us  to  use  tit 
ages  of  9  to  12.  It  seemed  to  us  that  children  of  8  or  under  veit 
really  too  young  to  carry  out  the  directions  that  go  with  the  f« 
association  test  We  were  confirmed  in  this  opinion  by  tk 
study  of  Otis,  which  appeared  while  we  were  carrying  on «» 
work.'  On  the  other  hand,  the  results  of  Meumann  ani  te 
some  extent,  perhaps,  those  of  Rosanoff  and  Rosanoff,  saf 
gested  that,  b^finning  at  the  age  of  12  to  13,  the  associathttefr 
dencies  of  children  begin  rapidly  to  approach  those  of  adite 
Moreover,  we  had  to  consider  that  children  in  grades  lower  tte 
the  fourth  have  hardly  sufficient  control  over  the  process  (« 
writing  to  be  able  to  write  their  responses,  and  9  years  is  tk 
youngest  age  occurring  with  any  considerable  f  rcqueng  in  * 
fourth  grade. 

The  children  were  all  Minneapolis  school  children,  and  * 
tests  were  all  given  in  the  fall  of  19 14.  Ten  different  scho* 
were  included,  scattered  in  various  sections  of  the  aty.  ^^ 
school,  four  classes  were  used,  the  B  4th  and  A  4*»  ^  * 

*  See  our  account  of  'Previous  Work',  Chapter  II,  p.  19-ao. 
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B  5th  and  A  5th.  The  question  might  now  arise  whether  results 
obtained  in  one  city  are  as  truly  representative  of  the  population 
in  general  as  are  the  Kent-Rosanoff  results  obtained  in  various 
places  in  the  East.  We  believe  that  they  are  fully  as  representa- 
tive, because  nearly  all  children  of  the  ages  we  used  are  in  school 
and  therefore  families  of  all  classes  and  occupation  are  represented 
in  about  the  right  proportion.  However,  it  may  be  well  to  keep 
in  mind  that  these  children  are  all  city  children  and  to  be  on  the 
lookout  for  local  influences.  To  the  word  river,  we  obtained  the 
response  Mississippi  (which  flows  through  Minneapolis)  seven- 
teen times  and  the  name  of  no  other  river  more  than  once.  The 
Kent-Rosanoff  results  show  just  as  much  local  color  however, 
since  to  the  word  river  they  obtained  the  response  Hudson  thirty- 
three  times.  East,  four,  Mississippi,  eight,  and  no  other  river 
more  than  once. 

The  children  were  of  nearly  all  the  nationalities  commonly 
represented  in  the  United  States.  They  were  asked  to  write  the 
nationality  of  their  parents  upon  the  back  of  their  blanks.  The 
data  obtained  are  shown  in  the  following  table : 


NATIONALITIES 

123  American 

12  German-Swedish 

I  Armenian 

I  Greek 

6  Austrian 

67  Irish 

I  Austrian-American 

17  Irish- American 

I  Austrian-Servian 

2  Irish^Bohemian 

24  Bohemian 

I  Irish-Canadian 

I  Bohemian-American 

I  Irish-Chinese 

I  Bohemian-Norwegian 

13  Iri^-English 

3  Canadian-American 

I  Irish-German-English 

I  Damsh 

I  Irish-Norwegian 

2  Danish-^rman 

I  Irish-^Polish 

3  Danish-Norwegian 

3  Irish-Swiss 

I  Dutch 

8  Italian 

3  Dutch-American 

I  Italian-English 

3  Dutch-Swedish 

3  Jewish 
68  Norwegian 

^  English 

7  English-American 

9  Norwegian-American 

I  English-Bohemian 

3f  Norwegian-English 

I  English-Swedish 

.  .1  Norwegian-Scotch-Irish 

I  Eng^lish-Swiss 

23  Norwegian-Swedish 

5  Finn 

46  PoUsh 

30  French 

I  Polish-Russian 

4  French-American 

3  Polish-Slavonian 

- 1  French-Bohemian 

34  Russian 

I  French-Dutch 

10  Scotch 
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15  French-G«nnan  10  Scotch-American 

II  French-Irish  6  Scotch-English 
3  FreDch-Norwegian  i  Sbotefa-German 

5  French-Scotch  17  Scotch-Irish 
I  French-Scotch-Irish  i  Scotch-Norw^ian 

3  French-Swedish  2  Scotch-Swedish 
90  German                                                 3  Scotch- Welsh 
20  Gennan-American  19  Slavonian 

4  German- Bohemiao  114  Swedish 

I  German-Canadian  11  Swedish- American 

I  German-Dutch  i  Swedish-Danish 

I  German-Icelander  i  Swedish-French-Gemian 

17  German-Irish  i  Swedish-Irish 

II  German-Norwegian  i  Swiss- American 

14  German-Polish  8  Syrian 

I  German-Roumanian  i  Welsh-American 

I  German-Ruutan  i  Welsh-<krman 

3  Germao^Scotch  i  Welsh-Swedish 

II  German- Scotch-Irish 

The  thousand  children  given  the  oral  tests  were  selected  im 
the  same  ages  and  grades  as  those  used  in  the  written  work^bor 
from  ten  other  schools.    No  record  was  kept  of  their  nationalitT. 

6.  Qassification  and  Comparison. 

The  question  we  have  asked  ourselves  is,  to  what  extent  4) 
children  give  the  same  responses  as  adults.  The  most  compte 
answer  to  this  question  consists  in  the  complete  adults'  ao(! 
children's  frequency  tables.  So  far  as  possible,  however,  it  s 
desirable  to  summarize  the  points  of  agreement  and  disag^e^ 
ment.  To  do  this,  it  is  necessary  to  study  the  tables  from  varioe 
points  of  view  and  to  classify  the  results  in  various  ways,  T* 
data  of  the  frequency  tables  thus  worked  over  arc  presented  is 
Chapters  VI  to  VIII. 

In  Chapter  VI,  we  have  attempted  a  somewhat  elaborate  coifr 
parison  of  children's  and  adults'  associations  according  to  asso- 
ciation type.  Chapter  VII  gives  a  comparison  of  the  thr« 
most  frequent  responses  of  children  and  adults.  In  Chapter 
VIII,  the  children  are  compared  with  adults  as  regards  the  totiJ 
number  of  responses  and  the  number  of  individual  responses. 

The  children's  association  frequency  tables,  which  constituR 
our  fundamental  data,  are  given  in  Chapter  IV,  followed  ic 
Chapter  V,  by  a  study  of  the  variation  in  the  preferred  reactkxe 
within  the  ages  included  in  our  study.  In  Chapter  IX,  we  shof 
that  all  the  differences  which  we  find  to  exist  between  cWIdrc 
and  adults  hold  whether  we  use  the  written  or  oral  responses. 
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Children's  Frequency  Tables 

The  following  tables  show  the  frequency  with  which  was  given 
each  of  the  responses  to  each  of  our  loo  stimulus  words.  In 
the  case  of  the  first  9  stimulus  words,  for  which  responses  were 
obtained  orally  as  well  as  in  writing,  the  frequencies  for  oral  re- 
sponses are  given  in  parentheses.  For  all  the  other  stimulus 
words,  written  responses  alone  were  obtained.  The  total  num- 
ber of  responses  given  for  each  stimulus  word  is  one  thousand, 
except  in  the  case  of  the  first  9  words,  where  it  is  two  thousand, 
i.e.,  one  thousand  written,  and  one  thousand  oral  responses. 

For  convenience  in  reference,  we  give  a  list  of  the  stimulus 
words  in  alphabetical  order.  The  order  in  which  the  list  was  read 
to  the  children  is  indicated  by  the  niunbers  before  the  words,  which 
correspond  with  the  Kent-Rosanoff  numbers,  except  in  the  10 
cases  where  we  have  substituted  a  new  word  in  place  of  the  Kent- 
Rosanoff  word.  Under  the  column  headed  'Page'  is  given  for 
each  stimulus  word  the  page  on  which  may  be  found  its  frequency 
table. 


PAGB 

100.  Afraid    ...71 

38.  Anger     ...50 

90.  Baby 67 

63.  Balb 58 

29.  Beautiful  .47 

87.  Bed     66 

60.  Bible  ....58 
11.  Black  ....40 
99.  BtoMom  ..70 
66.  Blue   ....  59 

57.  Boy 56 

55.  Bread  ....56 

81.  Butter  ...65 
17.  Btatterllgr  .42 

47.  €Bbbace..53 

19.  Candy    ...43 

39.  Oarpet    ...50 

20.  Chair  ....43 
98.  Cheese  ...70 
75.  Child    ....62 

79.  City    64 

24.  Coild   45 

64.  Cottage    ..59 

2.  I>ark    ....34 
6.  DeoD     37 

82.  Doctor  ...65 
53.  Dream    ...55 


STIMULUS  WORDS 

PAOB 

49.  Eagle    ....54 

44.  Earth    52 

8.  lEating    ...38 

56.  Flag   56 

33.  Foot  ....48 
76.  Friend  ...63 
16.  Frmt  ....42 
12.  Fun    41 

45.  Garden  ..52 
73.  Ghost   ..,.62 

40.  Girl     50 

94.  Green  ...  .68 


77.  Hammer 
14.  Hand  . . 
48.  H&rd  . 
70.  Head  . . 
88.  Hea^y  . 
41.  HIgih  .. 
10.  Houae  . 
67.  Hungry 


.63 
..41 
..53 
..61 
..67 
..51 
..40 
..60 

86.  Joy    66 

97.  King  ....70 
52.  Lamp  ...  55 
59.  Laugh  ...57 
58.  Light    ....57 


PAGB 

FAOB 

85. 

Uon   .... 

.66 

18. 

Smooth 

.43 

72. 

feS3  ::: 

.61 

7. 

Soft    ... 

.38 

83. 

.65 

46. 

Solkiier  . 

.53 

43. 

Sour  ... 

..52 

5. 

Man    .... 

.36 

34. 

Spider    . 

..48 

61. 

Milk  .... 

.58 

80. 

Square   . 

..64 

91. 

Moon    . . . 

.68 

51. 

Stem     .. 

..54 

9. 

Mountain 

39 

50. 

Stomach 

.54 

3. 

Muaic  ... 

.35 

32. 

Sibork    .. 

..48 

71. 

Stove     . 

..61 

35. 

Needle   .. 

.49 

96. 

Street    . 

..69 

21. 

Sweet     . 

..44 

69. 

Ocean     .. 

.60 

65. 

Smiit    .. 

..59 

68. 

Priest  ... 

.60 

1. 

Table    .. 

.  34 

84. 

Thief    .. 

..65 

93. 

Qmet    ... 

.68 

78. 

Thirsty 

..64 

89. 

Tobftcco 

..67 

36. 

Red     ... 

.49 

27. 

River    ... 

.46 

74. 

Wbiakey 

..62 

31. 

Rough    . 

.47 

22. 

Wihiatle 

..44 

28. 

Whdte     . 

..46 

95. 

Sak    ... 

.69 

30. 

Window 

..47 

13. 

School    .. 

.41 

26. 

Wioh    .. 

..46 

92. 

Scissors. 

68 

23. 

Woman 

..44 

62. 

Sheep     . 

.58 

42. 

Working 

.51 

15. 

Short    .. 

.42 

• 

4. 

Sickness 

.35 

54. 

Yellow   . 

..55 

37. 

Sleep    .. 

.49 

25. 

Slow     .. 

.45 
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THE  FREQCENCY  TABLES 
I.  Ti 


(1) 

(0)  vcgetabk 

(1)  vccctBbks 

1       (0)  vhitOe 

21  (26)  wtMMl 
9       (0)  woodcj 
0       (4)  work 

0  (1) 
3  (44)  write 
5  (25) 

1  (0) 


2.  DAMC 


49  (48) 

1  (3) 

0  (1) 

0  (3) 

0  (2) 

1  (0) 

0  (1) 
2a  (16; 

1  (1 

0  (2 
80  (100) 

1  (4) 
(3) 


mfraid 
alone 
ark 
aslec] 

awfi 


^ 


(0) 
(1) 
(3 

(0 

(2) 
(2) 
(0) 

<H 
(3) 
(0) 
(1) 


bark 

bau 

bed 

bed-time 

bird 

black 

blackboard 

blue 

board 

book 

brown 

burclar 

butter 


lie 
can't 
cave 
cellar 
chair 
closet 


1 
1 
1 

1 

1 

10 

0 

1 
0 
0 
3 
0 
0 
0 

I 

0 

3 
0 
0 
0 
5 
0 
0 
1 


(2)  dreaa 

(0)  dunces 

(0)  dnak 

(0) 
(I) 
(5) 

(1)  face 
(0)  fade 

(2)  fear 


feaHnl 

fine 

fire 


forest 
friji^t 


(4)   frigbtcned 


laalifht 

geofiaphy 

chost 

piosta 

gloomy 

goods 
green 


8  (3) 

1  (0) 
7  (0) 

38  (98) 

2  (0) 
0  (1) 

0  (1) 

1  (1) 


7 

1 
2 
3 
1 
1 
1 
1 
10 
0 
1 


lantcm 

lark 

late 


lights 
VmtStf 
look 


(0) 
(0) 
(0) 

<U 
(0) 
(0) 

'^> 

(0) 


4  (0) 
421  (410) 

0  (2) 

5  (10) 

0  (2) 

1  (0) 


mark 


midnight 


pictare 
nice 
nii^t 
night-time 
no  light 


not 


1 
18 
0 
0 
47 
0 
0 

6 
0 
0 
0 
6 
6 
0 
0 
0 
0 
3 
1 
4 
21 
2 
0 
2 
3 
0 


(0)  sad    , 
(18)  scared 

(1) 
(2) 
(21)  see 

(1)  searchfifht 
(3)  shades 
(0)  shadow 
(0)  shady 
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(2j 

(17) 
(2) 

(0) 
(1) 

(0) 

<^? 
(0) 
(2) 

(oS 

(0) 


cloth 

clothes 

clouds 

cloudy 

cold 

color 

colors 

complexion 

comer 

cough 

curtain 

curtains 

dare 

darkness 

darkroom 

day 

death 

den 

die 

dismal 


(1)  grope 

(1)  group 

(2)  hair 
(1)  haU 
(0)  bark 


1       (0)  lady 
IS     (10)  lamp 
1       (4)  lamps 


6     (10)  not  light 


0      (1)  supper 


2 
1 
0 
0 
0 
0 
1 

1 
0 
2 
3 
0 
29 
0 


outside 


(0)  out 
(0)  outi 

(0)  pale 

(0)  paper 

(1)  park 
(1)  people 
(1)  pitci 
(1)  pleasure 
(0)  purple 


(0) 


(16) 
(1) 


nun 

rainy 

red 

robber 

robbery 

room 

rooms 


(1 

I 

(1)  unlight 
(1)  upset 

0       (3)  very 


table 

theirs 

too 

tree 

trees 

twilight 


walk 

was 

water 

weather 

white 

wood 

woods 


3.  MUSIC 


1       (0)  angels 

(0)  band 
(0)  beat 

(4)  beating 
(2)  beato 

(5)  beautiful 


6 

1 
0 
0 
11 
1 
5 
0 
1 


(0) 
(48) 
(16) 

(0) 


1  (0) 
0  (1) 
3       (0) 


4 
3 

0       (1 
0       (3 


2 

0 

33 

1 
1 


beauty 
book 
books 
box 

choir 

clarinet 

concert 


(1)  dance 

(2)  dancing 
(li  dinner 

(3)  do 

(1)  drawing 

(0)  drum 

(1)  easy 

(0)  enjoy 

(1)  eraser 
(0)  excellent 

(0)  fiddle 


2)  fine 
finger 
fun 


(1)  girl 
(1)  glad 
(15)  good 
(0)  grand 
(0)  great 


2       (2)  happy 


(2)  bard 
(1)  hardest 


harmony 

harp 
,  ,  hate 
(l)  hear 

(0)  hearing 
' '     here 

,   high 

(1)  history 
home 

.   Home 
Sweet  Home 
(0)  hook 


(1 
(0, 


29     (12)  nice 
1       (0)  night 

(2 


noise 

note 

W)  notes 


0       (2)  orchestra 
19     (10)  organ 


1       (2)  I 

10  (2)  instrument 

S  (1)  joy 

0  (1)  keys 

0  (11)  learn 

1  (2)  learning 
17  (12)  lesson 

4  (9)  lessons 
(1) 


17 
0 
6 
6 

1 
0 

1 

1 
0 

1 

0 

1 


like 

line 

listen 

loud 

love 

lovely 


(1)  melody 
(0) 


11 


(1) 

(2; 
(< 
(1 
(1 


198  (166) 

1  (3) 

1  m 

0  (2) 
81  (39) 

2  (0) 

1  (0) 
1  (10) 
1 
1 
0 
1 
2 

48  (22) 

0  (1) 


(0 

(o; 

(1, 

a^ 


paid 

paper 

pencil 

person 

phonograph 

piano 

piece 

PJP«     . 
pitch-pipe 

^**^  A 
played 

player 

playmg 

plays 

pleasure 

pointing 

poor 

practice 

pretty 

public 


0  (33; 

1  (0 

0  hi 

153  (236] 

23  (54 

1  (o: 
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12.  FUN 

2  bad 

1  down 

1  ground 

3  lunch 

1  sew 

35  baU 

1  drowned 

4  gun 

2  shovel 

7  basebaU 

6  marbles 

2  show 

5  baaketball 

2  eat 

1  had 

2  money 

4  skate 

1  box 

5  eating 

16  happy 

1  much 

1  skates 

4  boy 

1  enjoy. 

4  happiness 

11  skating 
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2  enjoying 

17  have 

8  nice 

3  sled 

2  build 

11  hide   ft   seek 

2  noise 

2  slide 

1  bun 

2  fall 

4  hockey 

5  snow 

1  butter 

2  fell 

2  hop 
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6  snowball 

3  fight 
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1  cap 

9  fishing 

1  I 

394  pUy 

4  sport 

4  cheery 
2  child 

1  food 
15  football 

1  it 

34  playing 
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7  swimming 
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1  clock 
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1  loking 

3  race 

2  time 
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3  rope 
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3  laughing 

1  running 

1  water 
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9  good 
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4  school 

1  well 
1  window 
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4  goodtime 
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18  reading 
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5  learning 

13  recess 

2  tardy 
9  teach 

2  bell 
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1  roof 
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3  morning 
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2  working 
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1  watch 
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3  Uttle 

18  right 

1  wood 

8  chapped 
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113  work 

23  clean 
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6  worked 
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6  works 
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4  mitten 
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6  shake 
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1  command 

1  handed 

2  moving 

16  skin 

9  writing 
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2  music 
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8  sore 
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5  yours 
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1  around 
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15  stubby 
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1  piece 

^  stump 
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3  length 
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157  Uttle 
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9  time 

1  boat 
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1  lock 

3  ribbon 

5  tiny 

1  broad 

54  lone 

1  right 

1  tree 
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2  good 

1  lort 
5  low 

6  rope 
1  round 

1  tubby 

1  broke 

1  ruler 

8  hair 

43  man 

1  run 

1  very 
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1  chalk 

1  he 
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3  house 
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1  coat 

1  smooth 

1  court 
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1  narrow 
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1  stocking 
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4  day 
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1  not 
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4  stop 

1  write 
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1  dog 
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1  P^« 

5  story 

2  you 

38  dress 

1  ladies 

6  panU 

7  stout 

1  young 

1  lads 

1  paper 

2  strap 

1  easy 

23  lady 

46  pendl 
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15  string 

131  apple 

1  delicious 

2  have 

54  orange 

9  seeds 

174  apples 

1  high 

45  oranges 

2  spoiled 

153  eat 

1  hot 
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2  eauble 

2  hungry 

8  peach 

20  sweet 

44  bananas 

25  eating 
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1  belong 
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1  jam 

9  pear 

1  taste 
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8  air 

1  capture 
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7  insects 

5  saw 
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5  catch 

4  flew 

1  it 

2  ant 
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3  caught 
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19  flower 
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1  setting 
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2  beast 
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1  look 
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1  beating 
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5  aman 
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17  beautiful 

3  color 

1  flyer 

1  moth 

5  soft 

6  beauty 

3  colored 

18  flying 

1  soul 

4  bee 

1  colors 

2  net 

3  spring 

9  bit 

16  creature 

4  garden 

7  nice 

16  summer 

57  bird 

3  golden 

1  sunbeam 

1  bread 

1  dandelion 

1  green 

1  picture 

1  sunshine 

1  bring 

1  dark 

4  play 

6  brown 

1  dragon 

1  head 

1  pet 

1  web 

14  bug 

1  high 

4  powder 

13  white 

5  bugs 

1  eat 

5  honey 

89  pretty 

23  wing 

54  butter 

1  eats 

1  hurt 

7  red 

114  wings 
6  worm 

1  cage 

1  fast 

66  insect 

18.  SMOOTH 

1  rich 

47  yellow 

1  ain't 

33  desk 

39  ice 

3  picture 

1  smoothed 

4  apple 

4  dress 

1  in 

2  piUow 

3  smoother 

1  iron 

4  plain 

1  smooths 

6  bed 

4  easy 

4  ironed 

4  plane 

6  snow 

1  bench 

1  egg 

4  it 

1  play 

132  soft 

15  blackboard 

3  eraser 

1  poUtoes 

1  soothe 

43  board 

70  even 

1  lake 

1  pretty 

2  stone 

1  book 

2  land 

39  straight 

1  box 

3  face 

4   eather 

2  quilts 

1  brii^t 

3  feathers 

55  level 

16  table 

1  butter 

3  feels 

1    cTcled 

1  right 

3  tablecloth 

2  fine 

3  light 

3  road 

1  talk 

3  candy 

29  flat 

2  liie 

10  rock 

1  tender 

4  carpet 

20  floor 

1  lumps 

35  rough 

1  thin 

4  cat 

1  flowers 

4  round 

1  tone 

4  chair 

11  fur 

1  mind 

1  rugged 

1  clean 

1  mold 

1  use 

1  clear 

48  glass 

3  molded 

1  sand 

1  useful 

25  cloth 

2  glossy 

1  salt 

1  clothes 

3  good 

2  neat 

1  shining 

2  varnish 

1  coat 

2  grease 

68  nice 

7  shiny 

8  velvet 

1  color 
4  cotton 

13  ground 

1  no 

1  sight 
5  silk 

3  very 

2  coxy 

4  hair 

33  paper 

1  silky 
4  slick 

5  wall 

1  crooked 

3  hand 

5  pavement 

5  water 

2  cup 

7  hands 

5  pencil 

2  slide 

4  window 

10  hard 

19.  CANDY 

19  slippery 

5  wood 

2  ate 

3  coughdrops 

2  goods 

4  marshmallow 

5  soft 

2  cream 

2  goody 

5  money 

7  stick 

2  bad 

2  grocers 

9  sticky 

2  boui^t 

2  dandy 

14  gum 

7  nice 

15  store 

12  box 

2  dirty 

7  nickel 

14  suck 

1  bo7 

1  dog 

2  had 

2  nut 

39  sugar 

1  bring 

11  hard 

2  nuts 

297  sweet 

3  brown 

181  eat 

2  hate 

1  sweetmeata 

2  bum 

3  eatables 

5  have 

1  pastry 

13  sweets 

7  buy 

1  eaten 

2  honey 

15  peanut 

13  eating 

4  penny 

3  teeth 

2  candy-num 

2  eats 

3  ice  cream 

8  peppermint 

2  treat 

3  raramels 

2  person 

1  cat 

1  fruit 

2  lemon 

3  pink 

1  wax 

25  chocolate 

7  fudge 

4  licorice 

2  please 

3  white 

5  chocolates 

18  like 

1  confectionery 

.     1  gone 

3  love 

2  rich 

1  yellow 

1  cookies 

149  good 

1  round 

2  cooks 

3  goodies 

8  make 

20.  CHAIR 

21  arm 

2  have 

6  nice 

17  sitting 

6  arms 

8  heavy 

4  small 

5  desk 

9  high 

1  on 

6  soft 

17  back 

1  doU'a 

10  house 

3  stand 

1  bare 

1  down 

1  pair 

8  stool 

1  bear 

1  I 

1  piece 

5  straight 

2  bed 

2  eat 

1  iron 

3  strong 

*1  ^'«  . 

1  eating 

5  rest 

1  supper 

6  board 

9  easy 

1  king 

3  rock 

1  book 

3  rocker 

29  table 
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box 


doth 


eomfoft 


2  fan 
1  fed 
1  feet 
7  f  onutan 


3  kdr 


7  fatfve 
5  kctkcr 


18  kc 
26  kcs 
1  levd 
1  look 
3  low 


13 

9 

2 

131 

3S 

1 
430 

2 


2i 

2i 

li 
34 
5 

1] 
3] 


4S 

21 


S  iMby 
1  baniuim 

8  ^ifff^^f 
1  bcavtif  nl 
1  beloTc4 
1  biscuit 
1  bite 
1  bloetom 
S  butter 
S  bread 

10  cake 
146  candy 

3  chemes 
18  chocolata 

1  coffe« 

1  cold 


21.  SWEET 

10  girl 
213  good 

4  ffoodict 

1  he 
23  honey 

11  ice   cream 
1  tt 

4Jdly 
8  joicy 


lady 

like 

loirable 

loye 

lordy 


17 

37 


pClIUBC 


7 
26 


3 
3 
5 

6   IMC 

1  pUy 

1  potatoes 
16  pretty 

3  rich 
3  rose 

4 


lack 
IdM 
7Md 

iMBI 
1M« 

1  Mcr 

1  Ml 

23  1081 
1  mn 

178  mi 

lav 

1 

4«JT« 

23tiite 

1  wty 
1  Toice 


1  aloud 

2  arreitcd 

1  bad 

1  beckoned 
12  bird 

12  blew 
189  blow 

2  blowing 

1  blown 

2  blows 
79  boy 
24  boys 

1  breath 
1  bristle 
4  bullet 

14  call 

4  calling 

5  can 

1  canary 

3  can't 

1  castle 
5  come 

3  dinner 

2  dog 


4  adult 
1  arm 

3  babies 

5  baby 

6  bake 

4  big 

1  blanket 

5  busy 

1  can 
1  child 
13  children 


3  engine 

3  fast 

2  finger 

4  fingers 
19  fire 

1  frolic 
4  fun 

4  girl 
1  goat 

3  good 

1  r>t 

1 


1  has 

1  have 
5  hear 

3  hearing 
1  hdp 
1  her 
1  high 
1  him 
1  hole 
10  boiler 


1  face 

2  fashions 
4  fat 

1  feather 
9  fenmle 
7  furs 

17  girl 
4  glorea 

2  going 
12  good 

1  grin 


22.  WHISTLE 

9  bora 

1  Tim 
1  Joy 

1  kind 

2  lady 
1  let's 
1  like 
1  likes 
6  lips 

3  listen 

1  long 
71  loud 

4  low 

2  make 
6  man 
1  mean 

4  merry 
1  misde 

5  morning 
16  mouth 
14  music 

11 


5  nice 
185  noise 

6  noisy 

6  noon 
4  noae 
1  note 

1  people 
1  pipe 
1  plow 

7  police 
1  pretty 

1  ring 

1  risUe 

2  round 

3  run 

2  scared 
2  sharp 
2  shout 
11  shrill 
6  sing 
2  •  • 
1  sings 
1  somebody 


23.  WOMAN 

3  kiss 

1  laces 

13  ladies 

243  lady 

3  large 

4  laugh 
1  legs 
1  likeness 
6  little 
1  living 
1  look 
1  looking 


1  one 

6  people 
21  person 

1  plush 

1  poor 
12  pretty 

1  prise 

6  run 

1  say. 

2  sewing 


9 
28 
1 
6 

1  K0f7 

IfkiHk 

2  tine 
1  tin 
Itose 
4loot 

21  trtia 
11  tone 


2^ 

7  villM 
22wiad 
9woed 
Jwoodd 
1  wofk 


.y«i«^ 


I  gtm  ^ 
3  swtep 
I2iwert 

1  tsO 
1  talk 
llstti 
6tcschtf 

2^vA 
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3  deans 

7  hair 

4  sews 

9  walk 

1  cloth 

5  hands 

1  maid 

1  shawl 

1  walking 

9  dothet 

44  hat 

4   tiMimiTia 

4  she 

2  warm 

1  dub 

1  hats 

17  man 

1  shoe 

17  wash 

2  coat 

2  head 

4  man7 

3  shoes 

4  washed 

19  cook 

1  hire 

5  married 

1  shopping 

5  washing 

3  cooking 

3  home 

1  me 

4  short 

2  washwoman 

5  cooks 

1  hose 

2  mean 

2  silk 

1  way 

1  crone 

7  house 

1  men 

1  sings 

1  weak 

2  housekeeoer 
1  housework 

1  mend 

1  singing 

1  wealthy 

1  dead 

1  Miss 

13  skirt 

1  went 

1  dies 

53  mother 

7  skirU 

1  widow 

S  dishes 

1  it 

1  dim 

18  women 

5  dishwashing 

2  neat 

1  dow 

42  work 

96  dress 

1  Jennie 

10  nice 

5  small 

9  works 

17  dresses 

3  kind 

9  old 

1  straight 

4  eyes 

24.  COLD 

5  air 

10  coal 

16  froze 

8  nose 

62  snow 

2  awful 

17  coat 

1  numb 

1  soup 

1  colder 

1  fuel 

1  stony 

1  baby 

13  cool 

2  fun 

1  old 

5  stove 

2Ud 

37  cough 

1  one 

1  beng 

1  coughs 

1  hand 

4  out 

1  below 

1  cream 

13  hands 

9  outdoors 

1  thing 
1  think 

1  bird 

1  hard 

3  outside 

2  biting 

1  damp 

1  head 

13  overcoat 

6  today 

6  bitter 

25  day 

1  heat 

1  too 

10  black 

1  do 

1  hold 

1  blackboard 

5  doctor 

12  hot 

1  pole 

8  very 

IS  blow 

3  dog 

11  house 

3  bold 

1  dreary 

4  hunger 

1  rain 

25  warm 

3  boy 

1  recent 

1  warming 

1  breath 

6  ears 

84  ice 

1  red 

1  was 

4  breeze 

4  evening 

3  ice-cream 

4  room 

5  water 

1  bundle 

6  icv 
3  illness 

34  weather 

2  bum 

5  fed 

1  severe 

7  whooping 

3  buttermilk 

6  feet 

1  is 

1  she 

cough 

1  felt 

1  it 

15  shiver 

36  wind 

1  came 

1  fever 

5  shivering 

5  windy 

1  chair 

9  fingers 

1  Jack  Frost 

1  shivery 

103  winter 

1  chase 

17  fire 

4  sick 

3  child 

68  freeze 

1  meat 

4  skates 

5  chill 

40  freezing 

1  medicine 

6  deet 

8  zero 

1  chilly 

S  frost 

4  mitten 

4  sliding 

1  close 

1  frosty 

1  mold 
26.  SLOW 

1  sneeze 

9  auto 

2  dress 

2  lame 

3  reading 

9  time 

1  automobile 

25  late 

3  reads 

4  tired 

4  awful 

9  early 

1  lazily 

7  run 

4  tiresome 

13  eas^ 

138  lazy 

2  too 

2  babies 

3  eating 

5  lessons 

2  said 

1  top 

1  baby 

5  elephant 

14  long 

10  school 

1  tops 

2  bad 

1  engine 

3  sew 

2  tortoise 

3  balky 

20  man 

3  short 

3  train 

9  behind 

65  fast 

2  me 

1  show 

22  turtle 

2  bicycle 

4  faster 

5  molasses 

1  slack 

3  blow 

3  feeble 

4  move 

5  sleepy 

7  very 

2  book 

4  feet 

2  moving 

8  dowly 

6  boy 

2  music 

2  snail 

21  waffon 

19  girl 

1  snake 

1  wait 

1  can't 

3  girls 

2  near 

2  snow 

1  wake 

1  cat 

2  glow 

1  night 

1  soft 

1  waken 

4  child 

18  go 

8  not 

2  something 

107  walk 

2  diildren 

3  goes 

2  not  quick 

1  song 

12  walking 

S  dock 

4  good 

1  stew 

2  walks 

4  come 

1  oh 

2  still 

4  was 

1  cooled 

2  happy 

2  old 

16  stop 

1  way 

2  cow 

1  he 

14  oxen 

3  stopping 

31  work 

2  crawl 

3  heavy 

1  worker 

29  horse 

3  people 

1  stupid 

2  working 

1  dinner 

2  horses 

Its.. 

1  sum 

1  worry 
4  write 

S  dog 

20  hurry 

5  swift 

S  donkey 

35  poky 

1  writing 

1  don't 

10  lag 

5  talking 

r  drag 

1  lagrioff 

4  quick 

3  tedious 

7  you 

Digitized  by 


Google 


46 


HERBERT  WOODROW  AND  FRANCES  LOWELL 


26.  WISH 

3  anything 

3  dollar 

1  harm 

1  nickel 

5  thing 

l^ 

11  dress 

25  have 
2  her 

1  offer 

2  things 
37  ^ink 

2  asked 

1  eat 

5  home 

3  thought 

5  aakt 

10  hope 

1  park 

2  thousand 

1  at  home 

3  fairies 

16  horse 

1  pen 

1  time 

64  fairy 

2  horses 

17  pony 

2  toy 

4  ball 

2  father 

3  house 

4  present 

6  toys 

3  bicycle 

6  fish 

2  prince 

6  train 

3  birthday 

2  flowers 

6  I 

43  true 

3  boat 

6  for 

4  ice 

1  rainbow 

8S  bone 

2  fun 

1  ill 

5  ribbon 

2  wagon 

3  book 

8  furs 

2  it 

9  rich 

1  wait 

4  boy 

S  wand 

5  game 

2  king 

2  sad 

99  want 

S  cake 

18  get 

5  SanU  Clans 

3  wanted 

41  candy 

7  iif  t 

10  like 

1  sane 

4  watdi 

3  cap 

1  gladly 

3  look 

2  school 

1  water 

3  cat 

1  go 

1  lot 

2  she 

6  weU 

IS  Christmaa 

1  going 

17  luck 

1  show 

2  what 

5  come 

3  iold 

12  skates 

1  which 

1  cone 

19  good 

1  mad 

4  sled 

7  wishbone 

6  could 

2  grand 

3  man 

36  something 

2  wished 

14  grant 

1  me 

5  star 

3  wishing 

4  desire 

4  guess 

4  merry 

2  storybook 

4  witch 

4  did 

1  mish 

3  suit 

1  with 

3  dish 

13  had 

12  money 

1  worked 

3  do 

3  happiness 

1  monkey 

1  taU 

16  doc 
46  dofl 

?s:t 

4  telling 

2  you 

6  nice 

1  the 

27.  RIVER 

4  bath 

11  drown 

3  high 

1  ran 

4  small 

4  bathing 

11  drowned 

3  rapid 
1  riding 

2  soft 

14  big 

9  drowning 

13  ice 

30  stream 

i7  boat 

1  icy 

1  rivulet 

6  swift 

1  branches 

1  fall 

1  road 

72  swim 

3  bridge 
1  broad 

4  fast 

42  lake 

4  rock 

7  swimming 

34  fish 

1  large 

3  row 

7  brook 

8  fishing 

1  lime 

5  run 

1  that 

1  float 

5  long 

13  running 

4  canoe 

16  flow 

3  low 

16  runs 

433  water 

1  cold 

5  flowing 

2  wave 

5  current 

33  flows 

17  Mississippi 

3  sail 

3  waves 

1  f  reese 

1  muddy 

1  saw 

1  wear 

44  deep 

2  frog 

1  stiver 

10  wide 

2  delu 

2  f rose 

1  near 

4  skate 

1  width 

2  dirty 

6  frozen 

1  sliver 

1  dire 

2  go  over 

3  ocean 
28.  WHITE 

3  slow 

1  Yangzte 

1  air 

3  collar 

8  goods 

1  net 

1  sewing 

1  angel 

116  color 

1  gown 

10  nice 

1  sheep 

6  apron 

1  colored 

1  nightgown 

7  sheet 

2  cotton 

2  hair 

1  ship 

2  bat?  tub 

2  curtain 

2  hands 

1  old 

1  shcies 

1  hard 

1  sick 

5  beantilttl 

1  dainty 

1  hat 

6  paint 

2  sky 

1  billow 

1  dark 

3  horse 

6  pale 

65  snow 

1  bird 

3  dead 

19  house 

1  pants 

1  soft 

28  black 

1  dike 

1  hurt 

54  paper 

2  still 

1  blackboard 

3  dirty 

1  people 

A  stocaing 

1  blue 

1  do 

1  ice 

1  pictures 

1  swan 

1  board 

4  dog 

1  ice    cream 

1  pig 

1  sweep 

1  brave 

1  draw 

1  pigeon 
1  pillow 

3  bread 

149  dress 

1  Jacket 

1  table 

16  bright 

1  duck 

1  jam 

1  plain 
24  pretty 

6  tablecloth 
1  thread 

4  cat 

5  face 

1  kitten 

4  pure 

1  tight 

3  chair 

1  fast 

1  too 

7  chalk 

1  fine 

1  lace 

1  rabbit 

1  towels 

97  clean 

1  mSit 

125  light 

1  red 

4  clear 

2  lovely 

1  rib 

1  veil 

1  cloak 

1  flour 

14  ribbon 

1  very 
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61  cloth 

4  flowers 

1  man 

1  right 

5  clothes 

2  mice 

1  rims 

6  waist 

1  cloud 

2  ghost 

7  milk 

1  waUs 

1  dottda 

1  gleam 

1  my 

1  sail 

1  wear 

3  coat 

1  goat 

1  coin 

1  good 

1  name 

1  see 

2  yeUow 

29.  BEAUTIFUL 

1  are 

6  dog 

7  hat 

2  name 

4  she 

28  dress 

4  homely 

169  nice 

1  shine 

10  baby 

9  horse 

1  niceful 

9  silk 

1  be 

4  face 

7  house 

3  skin 

19  beauty 

1  fair 

2  palace 

3  sUrs 

1  bed 

1  feet 

1  is 

4  park 

2  store 

3  belle 

3  fine 

1  petticoat 

7  sun 

5  bird 

1  flag 

1  jewelry 

15  picture 

3  sunset 

1  birds 

6  flower 

3  pictures 

3  sweet 

1  bright 

38  lady 

1  plant 

2  swell 

1  forest 

4  lake 

5  pony 

1  bury 

1  fountain 

3  laugh 

2  powder 

1  thing 

2  like 

280  pretty 

3  tree 

1  careful 

4  garden 

3  lion 

3  prince 

1  carriage 

27  girl. 

1  look 

4  princess 

3  very 

12  cat 

1  glorious 

3  looking 

3  child 

3  good 

3  looks 

3  ribbon 

2  wagon 

1  class 

4  love 

1  rich 

13  woman 

2  dean 

2  graceful 

1  loving 

3  ring 

5  women 

5  coat 

10  grand 

8  lovely 

2  river 

12  wonderful 

14  color 

3  great 

9  rose 

4  woods 

5  cute 

1  green 

1  magnificent 

2  man 

2  roses 

3  wreath 

3  day 

7  hair 

1  mother 

2  satin 

9  you 

1  diamonds 

1  have 

2  scenery 

30  doll 

13  handsome 

1  muff 
30.  WINDOW 

8  air 

3  dirty 

1  icicle 

5  room 

4  sun 

2  door 

1  invisible 

1  run 

1  baU 

1  down 

1  it 

1  take 

8  big 

1  sale 

1  through 

1  blows 

1  fall 

2  large 
47  light 

1  sash 

1  toys 

1  board 

6  frame 

1  sat 

4  tree 

13  break 

1  fresh 

3  little 

2  school 

5  trees 

1  breeze 

1  frost 

116  look 

1  brick 

1  frosty 

2  looked 

36  see 

9  up 

37  broke 

1  froze 

2  looking 

1  seeing 

23  broken 

1  frozen 

8  lookout 

6  shade 
2  shines 

1  varnish 

1  church 

1  girl 

24  open 

1  shiny 

12  wash 

1  class 

1  glance 

6  out 

1  shot 

1  white 

6  clean 

421  glass 

4  outdoors 

5  shut 

5  wide 

1  close 

1  grass 

9  sill 

2  wind 

21  cold 

62  pane 

2  stained 

1  windmill 

1  cooler 

1  hall 

1  pillow 

1  stare 

2  windows 

1  comfort 

12  house 

1  plate 

1  straight 

1  wood 

7  curtain 

1  streetcar 

1  curtains 

1  I 

1  rattle 

31.  ROUGH 

1  storm 

2  angry 

2  decay 

2  horrid 

1  pain 

8  sidewalk 

2  are 

3  dirt 

2  horse 

12  paper 

2  skin 

1  doil 

1  humpy 

3  place 

2  slivers 

16  bad 

8  hurt 

2  plain 

2  small 

1  bear 

2  door 

1  hurtful 

5  plaster 

35  smooth 

2  beard 

1  dress 

25  play 

1  soft 

4  big 

9  ice 

3  playing 

1  stand 

27  bokrd 

1  enemy 

1  iceberff 

2  irregular 

1  pleasant 

1  sticker 

1  book 

2  poor 

11  stone 

89  boy 

1  fall 

1  pump 

4  stones 

37  boys 

6  fight 

ij^-" 

1  stove 

2  broom 

2  fighting 

1  rat 

2  stumps 

2  bump 

1  file 

1  railway 

23  bumps 

2  files 

1  knot 

1  red 

2  table 

61  bumpy 

1  flat 

1  ribs 

1  tear 

15  floor 

2  language 

2  right 

1  torn 
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1  cake 

2  football 

1  leather 

41  road 

7  tough 

X  candy 

2  frog 

1  line 

8  rock 

1  tree 

4  careless 

3  fur 

1  logs 

4  rocks 

1  carpet 
1  ch£ 

1  fuzzy 

2  lumpy 

10  rocky 
1  roof 

1  uncomfortable 
13  uneven 

1  chap 

1  gentle 

11  man 

2  round 

1  unkind 

5  chapped 
1  Charles 

1  girl 

71  mean 

2  rowdy 

2  nnlevel 

1  glass 

1  meat 

3  rude 

2  unsmooth 

7  child 

1  goody 

1  men 

1  rug 

6  cloth 

1  grass 

3  mountain 

'?issr*' 

1  voice 

2  clothes 

14  ground 

1  clumsy 

1  gruff 

1  mouse 

1  wan 

4  coarse 

6  sand 

4  water 

1  coat 

13  hand 

1  nasty 

2  sandpaper 

2  waters 

1  cocoa 

IS  hands 

3  naughty 

2  sandy 

4  waves 

1  come 

144  hard 

1  no   good 

4  sea 

1  wind 

1  cough 
1  crooked 

1  hiU 
3  hit 

8  ocean 

?S2f 

15  wood 
1  work 

1  cutglasa 

4  hitting 

1  old 
1  ouch 

32.  STORK 

1  shoes 

1  wrestle 

1  Africa 

4  chimney 

3  Germany 

11  long-legs 

1  ship 

14  animal 

1  colors 

1  girl 

1  shoot 

1  animals 

1  crane 

1  going 

1  many 
1  mean 

1  shot 
1  skin 

34  babies 

1  dear 

1  have 

1  meat 

1  slender 

287  babT 
11  beak 

1  duck 

1  head 

1  mother 

2  small 

2  Dutch 

9  Holland 

l2Sl'""^ 

26  biff 

16  bin 

1  house 

4  neck 

1  eat 

14  nest 

1  stories 

372  bird 

1  eggs 

1  I 

1  nice 

1  strange 

2  bring 
1  brook 

1  is 

1  swift 

1  fast 

1  ostrich 

1  brother 

1  feather 

1  kill 

4  tall 

1  building 

6  feathers 

1  plan 

1  talk 

1  fish 

2  large 

1  play 

1  carried 

19  fly 

3  leg 

2  waft 

2  carries 

i  flies 

41  legs 
1  life 

1  quick 

3  white 

1  carry 
1  chicken 

1  foot 

4  wing 

1  fork 

14  long 

1  river 

35  wings 

1  children 

1  frogs 

1  long-leg 

33.  FOOT 

1  rork 

11  ache 

1  dog 

1  Udder 

1  piece 

1  stockings 

1  afoot 

1  lady 

1  print 

1  stool 

15  ankle 

1  fat 

1  lame 

1  strong 

71  feet 

6  large 
1  leak 

1  rough 

1  swoUen 

1  baU 

1  figure 

1  rule 

3  bare 

1  fingers 

79  leg 

1  ruler 

i  teacher 

2  barefoot 

1  fleet 

36  legs 

22  run 

1  tiny 

1  beat 

2  flesh 

1  like 

1  runs 

1  tired 

27  big 

1  football 

8  litUe 

34  toe 

1  black 

1  look 

1  shape  . 

81  toes 

11  body 

4  go 

1  loot 

73  shoe 

1  track 

10  bone 

1  go  on 

11  lone 
1  lumber 

8  shoes 

1  twelve   inches 

1  bones 

1  shot 

1  boot 

1  had 

S  skin 

1  useful 

1  boots 

S  hand 

12  man 

jsssr 

1  bottom 

5  hands 

1  march 

205  walk 

16  break 

1  heel 

1  measure 

1  soothe 

3  walked 

7  broke 

18  hurt 

1    measurement 

23  sore 

8  walking 

3  broken 

1  hurts 

1  muscle 

1  sort 

38  walks 

1  my 

1  sour 

1  warm 

3  clean 

1  inches 

1  square 

1  wide 

6  cold 

S  nails 

1  stamp 

1  wiped 

2  jump 

1  stank 

1  wonderful 

4  corns 

1  one 

3  stand 

1  work 

1  crawls 

6  kick 

11  step 

2  cut 

1  kicked 

1  people 
34.  SPIDER 

1  stink 

1  yard 

5  afraid 

1  cobwebs 

1  funny 

4  lucky 

2  sews 

36  animal 

1  cones 

1  shanty 

1  ant 

2  cook 

1  glass 

1  mean 

1  six  legs 

1  awful 

1   corner 

1  grown 

1  meat 

8  small 
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18  crawl 

1  mider 

1  soft 

1  bad 

4  crawling 

1  hanff 
1  head 

1  Muffet 

10  spin 

1  banana 

54  crawls 

6  spins 

Ubic 

6  creature 

1  hid 

2  nasty 

1  spun 

2  bit 

2  crept 

1  hoops 

1  nice 

1  stepped 

25  bite 

1  crow 

1  hornet 

1  no 

2  sting 

2  biter 

7  house 

5  bites 

1  daddylonglegs 

4  pan 

1  trap 

1  biting 

1  dirt 

57  insect 

1  parlor 

4body 

1  insecU 

36  poison 

3  ugly 

1  boy 

5  eggs 

2  poisonous 

83  bnc 
1  bafld 

1  enemy 

4  kiU 

1  put 

19  walk 

1  eye 

4  killed 

5  wall 

1  burn 

1  kind 

1  reptile 

1  wasps 

1  butterfly 

1  face 

2  round 

261  web 

1  farm 

1  large 

2  ran 

2  webs 

1  catch 

6  feet 

1  leg 

3  runs 

7  weare 

1  causht 

1  flee 

107  legs 

1  wing 

1  claw* 

40  fly 

17  litUe 

1  scare 

2  worm 

2  clmb 

1  flyeater 

19  long 

1  see 

12  cobweb 

9  fry 

11  longlegs 
35.  NEEDLE 

1  sew 

}:;^e 

2  eyes 

1  long 

2  pricked 

2  sticks 
1  stinc 

2  awake 

1  feather 

3  machine 

1  reedle 

1  stociongs 

7  finger 

2  mother 

1  string 

1  beetle 

1  food 

2  scratch 

1  beneh 

2  nickel 

449  sew 

4  thin 

2  bend 

3  good 

3  sewed 

1  thing 

1  bumpy 

1  old 

1  sewer 

72  threSd 

5  head 

81  sewing 

1  tin 

8  dodi 

11  hole 

5  pick 

3  sews 

1  tool 

1  clothes 

3  hold 

1  pierce 

56  sharp 

1  hurt 

36  pin 

1  wire 

1  doU 

1  pins 

3  sUTer 

6  work 

17  dress 

1  lamp 

23  point 

11  small 

7  larae 
17  little 

5  pointed 

23  steel 

41  eye 

16  prick 

39  stick 

39.  RED 

1  afraid 

1  children 

3  goods 

2  nose 

1  run 

42  apple 

1  Christmas 

4  green 

14  apples 

65  cloth 

1  orange 

1  sale 

1  at 

9  coat 

10  hair 

11  scarlet 

1  cold 

2  happy 

24  paint 

2  school 

1  baby 

298  color 

5  hat^ 

1  painted 

1  see 

6  ball 

1  colors 

1  head 

7  paper 

1  shiny 

12  bam 

1  cows 

1  homely 

1  papers 

1  sled 

1  bead 

1  crayon 

1  hood 

2  pencil 

1  squirrel 

1  beU 

1  hot 

1  pillow 

1  star 

1  bells 

31  danger 

7  house 

1  pinch 

1  stockings 

3  belt 

6  dark 

3  pink 

1  story 

1  bench 

1  dirty 

4  Indian 

14  pretty 

10  sweater 

14  blood 

1  door 

1  Sweden 

9  blue 

1  draw 

13  lantern 

1  radish 

35  book 

85  dress 

2  led 

5  read 

1  talk 

1  books 

1  dresses 

1  letters 

1  ready 

1  that 

1  bow 

15  light 

1  remarkable 

1  thread 

1  box 

1  eraser 

1  lip 

16  ribbon 

1  bread 

1  look 

1  ring 

4  waist 

oo  brtpit 

2  face 

1  river 

1  wake 

9  fire 

1  mom 

1  road 

1  war 

1  calendar 

24  flag 

1  robin 

18  white 

6  candy 

4  flower 

1  needle 

1  rose 

1  words 

1  canoe 

2  flowers 

2  nice 

1  rosy 

4  cap 

1  flj 

37.  3LEEP 

2mg 

1  yellow 

1  asleep 

1  down 

1  keep 

1  peace 

4  slept 

14  awake 

3  doze 

1  peacefully 

6  slumber 

1  awoke 

55  dream 

5  late 

1  people 

15  snore 

5  dreaming 

91ay 

8  pillow 

1  snores 

28  baby 

6  drowsy 

1  kys 

1  pray 

1  snoring 

351  bed 

1  dust 

6  lazy 

24  sound 

31  beds 

1  leap 

1  quiet 

5  still 
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1  bird 

1  enough 

1  Ue 

1  quUt 

1  sweep 

6  boy 

1  eye 

1  lies 

12  qwhs 

1    bOTt 

1  bnde 

40  eyes 

1  like 

1  take 

3  long 

40  rest 

1  time 

1  biig|7 

1  fall 
3  fast 

9  man 

1  resting 

67  tired 

1  cftlm 

1  fine 

1  me 

1  see 

1  unde 

1  caady 

1  meet 

1  senseless 

6  child 

1  genUe 

1  morning 

1  she 

6  wake 

1  clean 

1  girl 

1  mothers 

1  sheep 

1  waken 

5  clow 

1  ffo 

3  much 

1  sheet 

1  we 

1  doMd 

7good 

5  shut 

1  went 

1  crcfrt 

1  goodnight 

15  nap 

1  shutting 

1  wiU 

1  croM 

4  need 

1  sUent 

1  woman 

IIISS" 

3  nice 

4  sleeping 

1  writing 

16  dark 

95  night 

9  sleepy 

1  did 

1  sleepyhead 

1  you 

1  do 

1  I 

1  papa 

38.  ANGER 

1  sleet 

1  Alonio 

1  disobey 

1  hands 

53  mean 

1  spank 

1  angrily 

6  dog 

3  happy 

1  mind 

1  spanking 

20  angry 

1  harm 

1  mother 

1  strong 

1  ant 

1  cat 

3  he 

7  swear 

1  at 

1  him 

1  naughty 

1  fancy 

1  horse 

6  nice 

6  teadier 

1  baby 

4fieft:e 

1  hungry 

8  temper 

17  bad 

57  fight 

1  on 

1  tiger 

1  badiful 

19  fighting 

1  I 

5  tired 

1  beer 

1  finger 

1  pl*y 

1  bet 

1  flop 

6  kill 

8  ugly 

1  blow 

1  funny 

1  killed 

12  quarrel 

1  unhappy 

38  boy 

1  furious 

1  quarreling 

15  boys 

1  fury 

1  lady 

1  language 

1  langer 

1  quick 

1  very 

1  chUdrea 

3  giri 

1  rough 

1  walk 

10  cranky 

1  girls 

1  large 

1  we 

1  cries 
56  cross 

9  glad 
7  good 

1  lion 
1  lookout 

1  saucy 
10  scold 

1  weary 
1  whack 

1  crossness 

3  scowl 

1  wicked 

I  cruel 

1^:^ 

471  mad 

1  sin 

1  wild 

6  cry 

1  madness 

1  soften 

1  wolf 

1  grow 

1  mamma 

9  sore 

11  woman 

1  danger 

1  growl 

45  man 

39.  CARPET 

1  sorrow 

20  beat 

1  down 

10  lays 

9  rag 

1  sweeps 

1  beating 
9  beautiTol 
4  big 

9  dust 

1  like 

4  rags 

1  swept 

15  dusty 

1  little 
1  long 

Jsr* 

2  tack 

1  black 

t  fall 

1  rolled 

20  tscks 

6  blue 

1  feet 

1  man 

2  room 

1  the 

1  border 

1  felt 

1  marble 

4  rough 

1  thread 

9  broom 

1  flat 

12  mat 

245  rug 

1  torn 

2  brown 

149  floor 

1  mice 

2  rugs 

1  brush 

1  moth 

1  run 

6  velvet 

3  bruasels 

1  foot 

1  mothers 

2  front 

1  muddy 

1  Saturday 

88  walk 

3  chairs 

2  fur 

1  shake 

3  walked 

t  children 

2  furniture 

15  new 

1  sing 

1  walking 

18  dean 

15  nice 

5  small 

2  walks 

19  cloth 

3  green 

7  smooth 

1  warm 

16  color 

1  on 

28  soft 

1  wash 

3  colors 

1  haU 

2  square 

1  we 

1  cover 

1  have 

1  person 

1  stain 

1  weave 

12  home 

1  pit 

1  stand 

1  weed 

1  design 

30  house 

1  poor 

4  step 

1  wheels 

1  designs 

16  pretty 

1  straw 

1  will 

10  dirt 

6  large       . 

1  put 

45  sweep 

1  wipe 

35  dirty 

2  lay 

40.  GIRL 

1  women 
1  woven 

1  anger 

1  dolls 

1  her 

2  money 

2  she 

240  drcM 

6  home 

8  ahoes 

"  ^^^  ..  . 

23  dresses 

1  homely 

1  neat 

1  sing 

34  beautiful 

3  house 

24  nice 

4  sister 
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1  beauty 

2  eat 

6  human 

2  skirt 

2  being 

11  eyes 

1  Pearl 

2  skirts 

22  Mff 

1  June 

5  people 

2  small 

40  boy 

19  face 

1  jumping 

18  person 

1  sole 

1  boy» 

1  fair 

1  pies 

2  stockings 

2  bracelet 

1  fancy 
5  feet 

7  kiss 

1  plant 
18  play 

11  sweet 

1  cap 

22  female 

1  lad 

3  playing 

1  talks 

45  child 

1  flirt 

26  lady 

2  playmate 

1  that 

12  children 

1  flower 

5  laugh 

3  plays 

1  there 

2  clean 

1  foot 

1  legs 

1  poor 

26  clothes 

1  full 

7  little 

25  pretty 

3  walks 

1  clothing 

8  furs 

1  live 

2  punk 

1  wash 

1  coat 

5  love 

1  washes 

10  cook 

5gr 

19  ribbon 

1  went 

1  creature 

3  maid 

5  ribbons 

1  where 

1  cry 

17  good 

2  maiden 

1  rill 

1  wife 

1  curl 

1  grow 

1  Mar|;aret 

3  run 

8  woman 

3  curia 

1  Manon 

1  women 

1  cute 

38  hair 

4  mate 

21  school 

8  work 

10  hands 

2  me 

1  scold 

1  wrangle 

1  dancer 

1  happy 

5  mean 

2  sew 

1  write 

1  dau^ter 

17  hat 

1  mirth 

1  sewed 

23  doU 

1  have 

4  miss 

41.  HIGH 

1  sews 

2  you 
8  young 

2  above 

9  church 

2  gastank 

1  lumber 

1  ship 

s:s2r« 

1  class 

1  globe 

1  sing 

10  cliff 

1  goat 

1  man 

1  size 

50  air 

1  climb 

5  good 

1  money 

22  sky 

4  airship 

1  clock 

1  goodies 

1  moon 

1  so 

1  Alps 

3  clouds 

120  mountain 

1  stand 

7  apple 

3  cold 

1  hair 

5  mountains 

1  stars 

10  apples 

1  courthouse 

1  hard 

1  my 

30  steep 

1  are 

1  crust 

1  heaven 

1  steeple 

1  cut 

10  height 

1  nest 

1  step 

1  bakery 

92  hill 

4  nice 

1  sun 

1  balloon 

16  deep 

1  home 

2  nigh 

14  swing 

3  bank 

1  did 

32  house 

1  number 

1  beans 

3  distance 

56  tall 

1  bees 

1  in 

1  oranges 

1  thought 

14  big 

1  ear 

1  iron 

1  throw 

5  bird 

18  eat 

2  peak 

1  tone 

1  birds 

3  eating 

7  jump 

8  peaks 

5  top 

1  blow 

1  embankment 

1  jumped 

I  picture 

13  tower 

1  boy 

1  every 

1  post 

7  tree 

1  build 

1  king 

5  trees 

32  building 

22  fall 

10  reach 

1  bush 

58  far 

1  ladder 

1  righ 

60  up 

7  butter 

1  fate 

1  large 

1  road      . 

2  fence 

3  length 

1  rock 

3  very 

1  cake 

1  flagpole 

1  light 

12  rocks 

1  vines 

3  castle 

1  flower 

8  long 

16  roof 

8  ceiling 

1  flowers 

1  look 

1  room 

9  wall 

7  chair 

24  fly 

1  loud 

1  rug 

3  way  up 

1  children 

25  low 

42.  WORKING 

1  school 

2  windmill 

3  bad 

.1  driving; 

1  helping 

3  noon 

1  slow 

1  bank 

1  drudging 

7  home             • 

1  not 

1  stonequarry 

2  beds 

1  dust 

20  horse 

1  stop 

1  bench 

1  dusting 

1  hot 

9  pay 

12  store 

1  better 

1  house 

1  people 

2  strong 

1  blind 

10  earn 

1  pinch 

11  studv 
2  sturdy 

8  books 

1  earning 

6  job 

34  play. 

1  boss 

1  eat 

11  playing 

3  sweat 

7  boy 

18  labor 

1  plumber 

1  boys 

2  factories 

1  laboring 

1  pop 

2  task 

1  bncks 

6  factory 

1  lace 

1  thrifty 

1  build 

1  farm 

1  late 

1  rake 

29  tired 

49  busy 

6  farmer 

13  lazy 

1  rate 

1  today 

1  fast 

2  learn 

9  rest 

2  toil 

2  carpenter 

12  father 

4  learning 

1  ton 

1  chair 

1  nreman 

1  light 

1  sand 

1  tools 

1  chop 

4  loafing 

1  saving 

1  tried 
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1  cigar 

IS  dotbet 

1  crust 

8  day 

1  dici>n< 

19  dishea 

9  do 

4  doing 

1  done 

1  doughnut 


J  garden 
2  girl 
5  girls 
1  good 


1  hand 
7  hands 
299  hard 
1  he 
4  help 


1  lumber 

6  machine 
I  machinist 
1  make 

93  man 
1  mark 

53  men 
4  mind 
1  mining 

27  money 


1  scholar 
13  school 

1  scrub 
10  shop 

1  shopping 

2  shove] 

1  shovelling 
1  shovels 
1  slave 
1  sleep 
1  Sleeping 


3 

1  wen 
10 

3 

2 

19 

2  worked 
1 
1 
1  wring 


47  apple 
49  apples 
7  ate 

25  bad 
63  bitter 

1  boy 

1  bums 

3  buttermilk 

3  cabbage 
9  candy 

1  cider 
1  com 
1  cow 

1  cranberries 
52  cream 

4  cucumber 

1  dill 
1  drink 


4  air 

1  awful 

18  ball 

21  big 

2  birth 
7i  black 

1  blue 

1  boy 

1  brtght 

1  brook 

1  city 
1  cloud 
1  coat 

3  cold 
1  color 
1  com 

1  deep 
1  dig 
1  dirth 
102  dirt 
1  dug 

9  earthquake 


1  angel 

1  apple 

36  apples 

1  baby 
IS  beautiful 

1  beet 
13  big 

S  cshbage 
1   cakes 


54  eat 

1  face 

1  food 

19  frait 

33  good 
1  grape 

8  grapes 

9  green 

13  hard 
1  have 
1  horrid 

1  it 

9  juice 
1  juicy 

1  kettle 


1  feet 

2  fertUe 

1  are 

2  flowers 
1  food 

3  frightened 
1  froze 

1  frosen 

4  garden 
4  alobe 

1  God 

1  good 
9  grass 

2  gravel 
2  green 
1  grit 

223  ground 
1 


31  hard 

7  heaven 

5  hemisphere 

3  high 
10  hole 
3i  house 


13  eat 

2  farm 

1  father's 

2  fence 
4  field 

1  first 
132  flower 
327  flowers 

2  food 

1  fragrant 
52  fruit 


43.  SOUR 

8  kraut 

57  lemon 
3  lemons 
1  liquid 
1  lour 

1 


124  mUk 

6  nasty 
8  nice 

1  no 
1  not 

1  onion 

1  our 

1  onions 

8  orange 
17  oranges 

1  pancake 

44.  EARTH 

4  houses 

1  in 
1  is 

43  land 
34  large 

1  light 
38  live 

1  lovely 

1  man 
1  meek- 
1  moist 
1  mother 
1  mountain 
1  mud 

1  muddy 

2  nature 
1  nice 

1  nose 

1  open 
23  people 

45.  GARDEN 

1  grown 

9  grows 

7  hoe 

1  hoeing 

1  I 

4  kind 
1  large 
1  lilies 


1  peaches 

21  pickle 

89  pickles 

1  pie  plant 

1  pUls 

1  plum 

1  plums 

1  poison 

1  radish 

1  rotten 


4  I 
7  salt 
1  salts 

4  sauce 
1  scour 
1  sorry 
1  soup 
24  sauerkraut 
1  spoiled 


4  plant 

1  plaster 

5  play 

5  quake 

1  rabbit 

3  roads 

2  rock 
1  rocks 

5  rocky 

1  rough 
82  round 

39  sand 

2  seed 

1  shack 
1  shovels 
1  sinking 

6  sky 

1  snow 
1  sod 

4  soft 
4  soil 

1  solid 

3  sphere 


6  nice 

2  onions 

X  pansy 
1  pardon 

3  peas 

1  person 
37  plant 

1  planting 
20  plants 


1  sting 
1  stomscn 
4  strong 
1  sugar 
75  sweet 

28  taste 

1  tasteful 

I  tastes 

1  that 

1  things 

1  too 

1  tour 

1  unhappy 


53  vinegar 
1  very 


2  sUr 
1  step 

1  stone 
1  stones 
1  stream 

4  tree 

3  trees 

1  vegetable 

15  walk 
1  walking 

3  warm 

4  water 
1  we 

1  woods 
1  work 
30  world 
1 


1  yard 
I  you 


1  raked 

3  rose 
5  roses 

1  round 

4  seed 
8  seeds 

2  shovel 

1  soil 

2  sow 

3  summer 
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3  fruits 


3  play. 


20  carrots 

1  made 

3  tomatoes 

3  gardener 

5  make 

3  pouto 

1  dub 

2good^ 

5  man 

32  poUtoes 

28  vegeUble 

1  grand 

1  marden 

5  pretty 

38  vegetables 

1  den 

1  green 

1  men 

2  pumpkin 

10  dirt 

19  ground 

1  mine 

1  weather 

34  grow 

1  mother's 

3  radish 

1  wet 

9  earth 

5  growing 

1  mud 
46.  SOLDIER 

1  raise 

2  yard 

1  am 
1  are 

7  danger 
3  dead 

9  guard 
61  gun 

1  navy 
1  nice 

26  sword 

1  armor 

1  die 

1  guns 

1  tall 

63  army 

2  died 

1  of 

1  drill 

2  hard 

4  officer 

4  uniform 

1  bans 
14  batUe 

2  hat 

6  old 

1  United  States 

1  enemy 

1  he 

1  blue 

1  papa 

1  walking 

3  boy 

160  fight 

1  I 

1  patriotic 

203  war 

53  brave 

2  fighter 

1  is 

1  poor 

1  warring 

1  bride 

40  fighting 

1  powder 

5  warrior 

10  fights 

8  killed 

1  word 

1  cadet 

1  flag 

1  sad 

1  work 

1  camp 

1  fof 

1  leg 

1  save 

1  cannon 

17  shoot 

1  worries 

24  captain 
1  cifisen 

1  general 
3  German 

95  man 
36  march 

4  shot 
1  stab 

2  worry 
1  worth 

5  command 

1  go 

1  tffurghes 

2  stand 

1  wound 

7  comrades 

5  good 

0  loftfODtQf 

1  star 

1  wounded 

1  country 

1  great 

3  men 

32  straight 

2  write 

1  cruel 

1  grows 

2  money 

8  strong 

2  musket 

6  suit 

3  young 

47.  CABBAGE 

1  apples 

9  eating 

47  head 

1  peeling 

1  sick 

1  ate 

1  heart 

27  plant 

6  smeU 

4  farm 

1  house 

2  pork 

31  soup 

1  bad 

1  field 

1  hungry 

1  pot 

12  sour 

5  hkf 

2  fine 

1  poUtoes 

1  spareribs 

1  boded 

3  food 

1  I 

1  pumpkin 

1  spoiled 

11  bugs 

1  fresh 

1  it 

7  stewed 

1  brSad 

1  froxe 

13  rabbit 

1  strong 

1  fruit 

2  kraut 

25  rabbits 

1  stump 

3  carrot 

1  raw 

15  supper 

9  cellar 

1  garbage 

1  buy 

9  leaf 

2  roots 

3  sweet 

42  cook 

46  gardeS 

3  rotten 

13  cooking 

40  good 

62  leaves 

26  round 

140  vegetable 

21  green 

1  lettuce 

34  vegeUbles 

1  did 

17  grow 

1  like 

7  salad 

11  dinner 

1  growing 

1  sauce 

1  well 

3  grows 

4  nice 

1  saucer 

9  white 

193  eat 

34  sauerkraut 

4  worm 

1  eatables 

3  hard 

3  patch 
48.  HARD 

1  scent 

2  sell 

1  yard 

13  apple 

1  can't 

4  hand 

1  pound 

1  strong 

1  apples 

2  cement 

10  heavy 

1  press 

1  stuck 

4  chair 

3  house 

1  pudding 

1  sweep 

5  bad 

1  chalk 

2  hurt 

1  baked 

1  chosen 

1  radiator 

1  tack 

16  ban 

2  chunk 

33  ice 

1  ring 
1  road 

1  test 

1  bard 

1  coal 

1  ice-cream 

1  that 

1  bat 

1  cracked 

36  iron 

92  rock 

1  there 

1  bed 

9  crust 

1  rocks 

1  thick 

5  big 
2  bite 

1  desk 

1  jelly 

1  roclnr 
29  rough 

1  thing 
1  throw 

2  black 

13  dirt 

4  lard 

1  rub 

7  tough 

26  board  . 

1  do 

1  log 

1  bone 

1  door 

1  look 

1  sharp 

1  very 

1  bones 

3  lump 

1  sidewalk 

39  bread 

17  earth 

1  slippery 

1  was 

28  break 

1  easy 

1  man 

25  smooth 

1  water 

1  breakable 

1  Marie 

14  snow 

1  winter 
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22  brick 

1  fi^t 

2  mean 

30  wood 

1   brick! 

54  floor 

65  soft 

1  word 

1  hutapf 

1  froscn 

3  nut 

17  solid 

89  wofk 

1  butter 

1  sore 

1  wofker 

4i^asa 

1  old 

1  sort 

2  working 

1  cake 

1  good 

1  sound 

1  worry 

1  can 

51  ground 

4  packed 

4  stiff 

4<  cMdy 

1  plnte 

2  play 

49.  EAGLE 

113  stone 

1  air 

3  dood 

3  gray 

9  mean 

1  small 

19  Anericaa 

I  condor 

1  miegle 

1  soar 

i::sL 

1  coward 

2  head 

35  mountain 

1  steal 

1  hen   hawk 

1  strength 

1  dog 

6  high 

1  name 

30  strong 

11  baby 

18  nest 

1  swift 

1  banner 

6  eat 

1  imagination 

1    swoop 

2  beak 

1  emElem 

1  insect 

2  owl 

2  beast 

1  insects 

1  talons 

1  beater 

1  eyes 

1  inristble 

1  pUy 

1  teeth 

52  bic 

2  biD 

2  pretty 

3  thief 

9  feather 

1  kidnap 

1  took 

373  bird 

28  feathers 

1  kill 

1  reagle 
1  robber 

2  birds 

1  fierce 

1  king 

4  United  Ststes 

3  bite 

2  flag 

2  run 

6  black 

1  fle^ 

1  lamb 

2  warbird 

1  breffle 

26  flies 

19  large 
1  lodge 

1  savage 

1  white 

120  fly 

2  scratch 

43  wing 

1  chicken 

10  flying 

1  seven 

49  wings 
1  work 

1  child 

3  mad 

2  show 

30  cUws 

1  gander 

3  man 

1  size 

1  wrong 

1  cliff 

1  good 

50.  STOMACH 

1  slide 

I 

189  ache 

2  cramps 

1  grind 

1  meal 

22  sore 

3  aches 

1  grow 

2  mean 

1  sound 

1  apples 

8  digest 

1  guts 

1  meat 

3  sour 

1  ate 

1  digestion 

1  milk 

1  stesk 

1  dinner 

1  had 

1  music 

1  stick 

13  bad 

1  doctor 

1  hammock 

1  stone 

1  ball 

1  drouth 

3  hard 

1  name 

1  stumble 

48  belly 

7  healthy 

1  swsUow 

1  belt 

2  each 

21  heart 

1  out 

3bic 

108  eat 

1  heavy 

3  throat 

2  bladder 

1  eauble 

1  hill 

18  pain 

1  tomato 

2  blood 

16  eating 

6  hungry 

1  people 

2  treat 

78  body 

1  eats 

23  hurt 

1  person 

1  tripe 

2  bones 

5  empty 

5  hurts 

10  poor 

11  trouble 

1  bom 

1  pudding 

1  tube 

4  bowels 

1  fall 

1  I 

9  boy 

1  false 

5  indigestion 
9  inside 

1  rice 

3  bread 

16  fat 

1  ring 
1  rock 

1  veins 

3  breast 

1  feed 

6  insides 

1  velvet 

2  breathe 

2  feeling 

1  intestine 

1  rotten 

1  rital 

1  brick 

1  feet 

3  round 

1  felt 

4  kidney 

1  warm 

1  candy 

2  flesh 

i  see 

1  water 

4  care 

82  food 

1  lasT 
1  light 

1  short 

15  weak 

4  chest 

1  for  food 

85  sick 

1  well 

2  clean 

19  full 

1  little 

1  sickness 

3  white 

1  close 

1  liver 

13  skin 

1  wood 

1  cold 

1  garbage 
23  good 

1  himic 
6  lungs 

51.  STEM 

1  soft 

25  apple 

15  com 

1  hard 

1  pick 

1  string 

1  crooked 

1  have 

1  pin 

1  strong 

1  bad      , 

41  cut 

1  hold 

42  pipe 

1  sugar 

1  beginning 

1  holds 

25  plant 

1  cystem 

1  bend 

1  down 

3  hollow 

1  plants 

1  bent 

1  point 

5  taU 

1  berries 

1  earth 

14  juicy 

1  them 

14  bg 

1  eating 

1  red 

1  thick 

1  bitter 

8  end 

1  large 

2  reed 

11  thin 
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1  black 

11  leaf 

13  root 

1  top 

1  blossom 

1  firm 

1  leaves 

3  rose 

35  tree 

1  boat 

367  flower 

3  letter 

1  roses 

1  trees 

1  body 

80  flowers 

3  Uly 

1  rough 
1  rabber 

1  trank 

1  bone 

1  foot 

6  Umb 

9  twig 

1  bough 

1  froze 

60  long 
1  look 

16  branch 

1  fruit 

4  short 

1  vine 

1  broke 

1  lots 

6  slender 

1  gray 

3  slim 

8  weed 

1  brown 

1  grass 

1  paint 

1  small 

1  white 

1  buds 

48  green 

1  paper 

1  sort 

1  wide 

1  bum 

1  ground 

1  part 

4sta]k 

8  wood 

9  grow 

1  paste 

1  stand 

1  came 

1  growing 

1  pen 

10  stick 

1  cord 

1  grows 

1  pencil 
52.  LAMP 

2  straight 

1  bedtime 

1  ceiling 

12  gas 

1  lantern 

4  shade 

3  big 

18  chimney 

50  glass 

648  light 

2  shine 

1  blaze 

1  color 

5  globe 

4  lights 

i:i^. 

1  blow 

1  command 

3  good 

1  blue 

1  nice 

2  smoke 

Tbox 

1  damp 

llS^'-' 

6  night 

1  stamp 

3  break 

1  dark 

4  street 

Sbriaht 
1  broke 

1  desk 

1  have 

38  oU 

1  down 

10  home 

1  oily 

1  tipped 

1  brttken 

1  hook 

3  out 

70  bum 

1  exploded 

1  white 

1  buraa 

1  ezploaion 

1  is 

1  pretty 

19  wick 

1  wool 

22  fire 

4  kerosene 

1  red 

1  camp 

9  fires 

1  kitchen 

1  yellow 

1  cat 

3  flame 

53.  DREAM 

3  see 

2  about 

1  cry 

1  happened 

3  picture 

1  talk 

6  afraid 

12  happy 

1  pictures 

1  tell 

1  alas 

4  dark 

1  hear 

9  pleasant 

5  thing 

1  Alice 

1  day 

1  her 

1  position 

13  things 
30  think 

2  angel 

1  dies 

2  horses 

1  pretty 

1  angels 

3  do 

1  house 

2  thinking 

1  animal 

1  doll 

1  quiet 

3  thought 

7  asleep 

1  doze 

1  thoughts 

5  awake 

2  dreaming 

8  imagine 

1  raU 

1  train 

4  awful 

1  dreamland 

1  ream 

1  trae 

1  dreamt 

1  lady 

1  robbers 

2  baby 

1  dresses 

1  lake 

1  rose 

1  used 

31  bad 

1  drowsy 

1  laugh 

1  bear 

1  lessons 

1  Sanu 

4  vision 

1  bears 

1  fairies 

1  like 

1  scared 

1  visions 

20  beautiful 

3  fairy 

1  lions 

1  school 

78  bed 

2  fairyland 

3  long 

1  scream 

1  war 

1  bedtime 

1  fierce 

4  see 

1  was 

1  bird 

4  fight 

8  man 

1  sister 

1  water 

1  boat 

4  fire 

1  mare 

272  sleep 

1  way 

1  book 

1  flowers 

1  mine 

8  sleeping 

1  what 

6  boy 

3  fun 

1  money 

1  sleepy 

2  window 

1  burglar 

13  funny 

4  something 

5  wonder 

1  never 

1  spirit 

4  wonderfv 

1  can 

4  ghost 

9  nice 

6  stories 

1  wondroui 

1  car 

7  girl 

260  night 

8  story 

1  cat 

1  gleam 

3  nightmare 

6  strange 

1  yell 

1  children 

20  good 

1  notse 

1  sweet 

1  cream 

1  nothing 

54.  YELLOW 

3  apple 

1  coat 
1  com 

3  golden 
10  goldenrod 

8  nice 

1  ruler 

1  ball 

320  color 

1  good 

81  orange 

2  sa£fron 

11  banana 

1  colored 

9  green 

1  oranges 

1  sea 

1  beautiful 

3  colors 

1  shine 

1  bed 

1  cream 

3  hair 

21  paint 

1  silk 

1  bicycle 

1  hair  ribbon 

1  pale 

1  akin 

4  bird 

4  daisT 
15  dandelion 

1  hall 

1  pants 

1  spelling 

1  bUck 

3  hat 

3  paper 

1  stars 

1  blossom 

1  dark 

1  honey 

1  peach 

1  suit 
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2  blue 

1  fights 

1  Tohn 

1  no 

6  snowball 

1  hodj 
1  boyhood 

1  fish 
1  fishng 

1  jump 
1  Junior 

63  pants 

4  son 
1  store 

3  boys 

7  football 

5  people 

7  strong 

3  brave 

1  foy 

10  kid 

6  suit 

2  bright 

1  frank 

1  killed 

84  play 

1  swim 

1  brother 

8  fun 

1  kites 

1  playful 

1  bum 

1  funny 

3  plays 

2  tie 

1  Ud 

1  poor 

1  toe 

53  cap 

6  games 

2  large 

1  pretty 

1  toes 

45  child 

2  gentleman 

T  laugh 

2  toy 

14  children 

32  giri 

1  lazy 

1  quick 

1  trouble 

1  clean 

1  girls 

3  leg 

16  trousers 

9  clothes 

1  go 

1  like 

1  race 

9  coat 

37  good 

1  limbs 

1  read 

1  Vivian 

1  color 

1  grocery 

12  little 

1  red 

1  cows 

2  grow. 

1  living 

1  rich 

2  waist 

1  creature 

1  loy 
1  luck 

1  romp 
18  rough 

2  wagon 
1  walk 

1  darkey 

5  hair 

1  Roy 

1  walked 

2  dirty 

1  haircut 

4  mad 

18  run 

1  wear 

1  do 

1  hST 

9  male 

3  running 

14  whistle 

1  driving 

61  man 

5  runs 

29  work 

1  drum 

6  hat 

5  marbles 

6  he 

1  master 

11  school 

4  young 

1  eager 

7  head 

2  me 

58.  UGHT 

1  see 

1  Aladdin 

67  day 

1  headlight 

1  noon-day 

1  star 

5  air 

1  daytime 

1  heaven 

1  stone 

2  dirt 

4  heavy 

1  oil 

1  store 

1  baby 

1  dog 

1  help 

3  out 

2  strong 

1  bam 

1  dress 

1  home 

1  outside 

2  suit 

1  beautiful 

9  house 

29  sun 

1  bird 

6  easy 

4  paper 

1  sunny 

1  black 

5  electric 

1  is 

1  penny 

1  blaze 

1  enough 

1  pin 

1  thought 

1  book 

2  eyes 

1  kerosene 

2  pretty 

1  to-day 

1  boy 

3  poor 

1  tower 

1  bread 

1  fair 

251  lamp 

74  bright 

5  feather 

2  late 

1  radiant 

1  up 

1  brighter 

19  fire 

1  lighting 

1  read 

1  us 

5  bum 

1  flame 

1  lights 
1  like 

5  red 

1  burned 

1  flash 

6  room 

1  walk 

4  burning 

1  flowers 

4  look 

43  see 

3  want 
2  warm 

2  candle 

64  gas 

2  man 

1  seen 

17  white 

5  clear 

1  glad 

18  match 

2  shade 

12  window 

1  coal 

1  glass 

1  matches 

1  sharp 

1  windows 

11  color 

47  good 

1  mean 

30  shine 

4  work 

1  complexion 

1  grate 

2  might 

2  shines 

2  write 

1  cotton 

4  moon 

3  shining 

1  writing 

5  hair 

6  morning 

1  ship 

99  dark 

1  hall 

2  shone 

9  yellow 

1  dawn 

1  hard 

4  nice 
10  night 

89.  LAUGH 

4  soft 

9  yes 

1  ache 

2  enioy 

28  hard 

4  man 

5  smiling 

3  aloud 

1  enjoying 

4  hearty 

3  me 

1  sober 

1  always 

1  easy 

1  hiccough 

20  merry 
1  monkey 
4  mouth 

3  something 
1  squeak 
35  sweet 

7baby 

7  face 

7  loke 

14  boy 

2  fine 

1  jokes 

1  boys 

138  fun 

50  lolly 
53  Joy 

3  noise 

9  talk 

1  burst 

97  funny 

1  Ulked 

1  joyful 

1  people 

1  teeth 

1  calling 

1  say 

1  tickle 

1  cat 

llUff' 

1  lady 

1  play 

1  tickled 

1  chatter 

3  laughed 

2  pretty 

1  time 

2  cherry 

J  8?"'l« 

2  laughing 

2/  children 

26  glad 

7  laughter 

1  Santa 

1  weak 

1  clown 

3  gUdness 

1  like 

1  set 

1  wide 

1  comical 

1  glee 

2  lips 

2  she 

1  with 

1  cough 

9  good 

2  long 

1  shout 

5  woman 

1  crazy 

3  gun 

1  lot 

2  show 

1  women 

1  crow 

38  loud 

1  sideache 

1  wrong 

14  cry 

10  ha  ha 

1  lumber 

2  silly 

4  happiness 

1  sing 
150  smile 

6  you 

2  do 

78  happy 

1  makes 
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3  bathing 

1  door 

1  iMthroom 

1  dress 

4l>athtiib 

1  bird 

1  fresh 

1  body 

1  feet 

5  boy 

3  fire 

1  boyt 

1  but 

1  girl 

1  camp 

11  good 
5  had 

192  dean 

1  happy 

last 
like 
little 
lot 


1  naked 
1  naughty 
1  neck 
7  nice 


1  run 

20  Saturday 
4  scrub 
4  shower 
1  sink 

8  soap 

1  splash 

9  swim 

3  swimming 


1  wade 
10  warm 

143  wash 

1  washing 

1  washtttb 

295  water 

1  week 

2  yesterday 


1  age 

1  bad 

4  big 

1  blotch 
1  brown 
3  bungalow 
1  burnt 
1  buy 

1  carpet 
1  chsir 
39  cheese 
1  children 
1  clean 

1  comfortable 

2  cot 

6  country 

5  cozy 


1  cute 

1  dirty 

1  door 

2  farm 

1  father 

1  funny 

2  good 

101  home 

1  hot 
425  house 

9  hut 

1  Udy 

117  lake 
34  little 


64.  COTTAGE 

79  live 

1  lived 

1  lives 

1  log 

1  man 
1  matey 

1  neighbors 
1  news 
12  nice 

1  paint 

1  paijer 

1  plain 

I  poor 

3  porch 

1  pretty 

1  rain 


1  red 
1  rent 
1  residence 
1  river 

1  roof 
i  room 

2  root 
1  run 

3-  school 
1  sea 

1  shack 
1  shanty 
1  shelter 

1  shoot 

2  sleep 
36  small 

2  snug 

3  stove 
14  summer 


1  swimming 

2  take 

3  village 

4  warm 
1  we 

1  where 

1  wife 

2  window 

1  women 
17  wood 

2  wooden 
14  woods 

1  work 

1  yard 


65.  SWIFT 


1  actor 
3  air 
3  arrow 
11  auto 
6  automobile 

1  baby 
5  ball 

2  baseball 

1  beat 

3  bicycle 

2  bird 
1  birds 

3  boat 
1  boy 

1  breath 

1  bring 

1  broom 

1  bullet 

1  can 


2  care 
1  car 

3  cars 

1  company 
11  current 

4  deer 
1  drive 

1  engine 

1  falls 
391  fast 

7  feet 

1  firehorses 
1  fleet 

8  fly 

3  foot 

1  footed 

4  go 


goes 
going 


1  Hiawatha 
124  horse 

3  horses 
1  hose 

4  hurry 

1  kick 

1  lard 

1  legs 

2  lift 

1  meal 
1  motor 
1  mouse 

1  nest 
1  not 


10  quick 
1  quite 

1  rabbit 

11  race 
1  raise 
7  ran 

read 
reindeer 
ride 
rider 
riding 
ring 
14  river 
1  rough 
1  round 
202  run 
13  runner 
16  running 
1  runs 


1  Santa 
1  see 
1  skate 
1  sled 
1  slight 
28  slow 
4  speed 
1  stream 

1  threw 
1  time 
1  to 
15  train 

3  wagon 
8  water 

3  went 

4  wind 
1  work 

1  you 


3  air 

1  boy 

1  any 

1  bread 

1  apron 

24  bright 

1  brown 

1  bad 

2  ufl 

1  circus 
1  clean 

2  balloon 

4  cloth 

1  bean  flower 

1  clothes 

1  beautiful 

6  coat 

1  beauty 

318  color 

1  bell 

4  big 

4  bird 

12  dark 

3  black 

1  dirty 

1  blood 

1  draw 

1  blossom 

173  dress 

66.  BLUE 

6  flower 

1  fly 

1  forgetroenot 

1  globe 
1  good 
1  goods 
1  green 


hard 

hat 

high 

horn 

house 

I 
ink 


1  light   blue 
1  line 

1  mark 
1  match 

1  mew 

2  navy 

3  nice 

22  paint 

6  paper 

3  paste 

1  pastry 
10  Bcncil 

2  picture 
IS  pretty 

2  sad 


1  sea 

1  silver 

1  sister 

1  skirt 
102  sky 

2  stick 

3  stickjr 

1  stocking 

12  suit 

1  sweater 

6  true 

1  very 

1  violet 

3  waist 
3  water 
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1  whistle 
1  wOd 

1 
ft       1 


1 

1  IkiB 

1  tkini 

IJ  tUnly 
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20  boats 

36  river 

36  ships 

1  were 

13  Uke 

3  roar 

1  shore 

1  whale 

1  calm 

1  lands 

5  rough 

1  sky 

1  whales 

1  coast 

4  large 

1  round 

1  sponge 

1  wharf 

4  liner 

1  steamboat 

35  wide 

23  deep 

3  sail 

11  steamer 

1  wild 

1  dip 

1  New    York 

1  sails 

1  steamship 

14  drown 

6  salt 

1  swift 

1  drowned 

1  on 

1  saltwater 
70.  HEAD 

2  swim 

22  ache 

1  dead 

3  headache 

12  nose 

1  sore 

13  aches 

1  dog 
3  doll 

2  hear 

1  nut 

1  sparrow 

1  aching 

1  hog 

1  army 

2  horse 

3  off 

5  talk 

2  ear 

1  on 

1  talker 

1  band 

2  ears 

2  teeth 

1  baU 

1  eat 

1  it 

1  part 

1  there 

1  bed 

1  elephant 

3  people 

59  think 

IS  big 

16  eye 

2  large 
5  lead 

5  person 

2  thinking 

1  bird 

91  eyes 

1  thinks 

1  black 

2  learn 

1  quarters 

6  thought 

1  blood 

42  face 

1  light 

1  top 

26  body 

1  fat 

2  listen 

1  red 

1  bone 

1  fill 

4  little 

1  rough 

1  up 

3  boy 

1  fish 

58  round 

3  use 

2  braid 

1  fist 

1  made 

25  brain 

9  forehead 

10  man 

1  sausage 

1  veins 

137  brains 

3  memory 

3  scalp 

1  bumps 

46  mind 

1  school 

1  warm 

1  girl 

1  mine 

8  see 

1  were 

6  cabba^ 

Sgood 

9  mouth 

2  sense 

1  white 

2  captain 

1  grant 

1  move 

1  sings 
14  skull 

1  chest 

1  my 

1  yours 

8  chicken 

203  hair 

1  sleep 
9  small 

1  clean 

1  hang 
3  hard 

2  nails 

1  zebra 

1  cloth 

2  neck 

1  smUes 

1  comb 

12  hat 

1  nerve 

1  soft 

3  cut 

1  hats 

1  nerves 

71.  STOVE 

1  bake 

3  cooking 

1  hair 

1  log 

1  rat 

1  bakhig 

3  hard 

1  love 

1  red 

5  big 

1  damper 

117  heat 

1  msty 

37  black 

3  heater 

1  match 

1  bhie 

1  exploded 

1  home 

1  move 

2  smoke 

1  broken 

200  hot 

103  bum 

1  fill 

1  house 

1  nice 

8  use 

8  burning 

164  fire 

1  nickel 

6  bums 

2  fry 

45  iron 

2  oven 

127  warm 
8  warmth 

1  chimney 

1  gas 

1  kitchen 

1  went 

16  coal 

1  girl 

1  paper 

5  winter 

1  coke 
7  coM 

}^ 

2  legs 
1  lid 

6  polbh 

11  wood 
1  world 

62  cook 

1  little 

72.  LONG 

5  range 

2  ago 

1  engine 

1  lanky 

1  read 

2  Uble 

1  arrow 

1  eraser 

7  large 

12  ribbon 

1  Uil 

4  away 

1  every 

7  legs 

6  ride 

1  tale 

25  length 

9  river 

33  tall 

1  bad 

1  face 

2  lengthy 

4  road 

1  telephone 

55  big 

90  far 

1  lesson 

4  room 

1  ten 

1  bird 

1  feet 

3  line 

26  rope 

2  thin 

1  black 

1  field 

1  log 

1  rough 

3  thing 

1  blaze 

1  figure 

1  lonesome 

1  rug 
6  ruler 

1  thong 

9  block 

1  find 

2  longer 

1  thought 

11  board 

1  finger 

1  long  for 

1  thread 

4  boat 

23  fingers 

1  lots 

1  sad 

41  time 

1  fish 

3  school 

1  Tipperary 

1  cabin 

1  flat 

7  man 

1  see 

2  tiresome 

2  cakes 

1  floor 

1  mane 

1  slvirt 

5  train 

1  car 

1  flower 

1  measure 

45  short 

1  tree 

1  cat 

1  flown 

9  mile 

3  shout 

2  trip 

1  chain 

2  miles 

2  sidewalk 
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1 

4  raj 

1  Tistt 

1  vasm 
8  wait 
1 

5  valk 
1  van 
1  vast 

31  var 

1  vUk 
12  vide 

4  wkitk 

2  wish 

1  wood 

2  word 

J  yard 
2  TcafB 


2  aknt 
a  dkdeum 
1  anan 
36  spirit 
8  spook 
! 
1 


r  Kareerav 


364 

1 
4 
1 
2 


wm 


«e«y 


stark 
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5  friend 

48  litUe 

1  pile 

1  strong 

8  candy 

3  lost 

36  pUy 

1  sturdy 

94  chUdren 

1  get 

8  love 

2  paying 

1  sweet 

1  Christ 

93  girl 

4  pUys 

5  clean 

78  good 

1  mad 

11  poor 

1  take 

13  clothes 

1   wi^twiTMl 

1  pupil 

1  that 

1  dothinc 

3  hair 

5  man 

1  cold 

2  hand 

1  meal 

1  walk 

1  creature 

1  hands 

2  mean 

1  ribbon 

1  warm 

1  cries 

1  happy 

1  milk 

1  ride 

1  well 

21  cry 

1  hat 

1  mind 

12  run 

1  while 

1  crying 

2  head 

1  mine 

2  running 

1  white 

5  cute 

1  hid 
1  hood 

1  mischief 
26  mother 

2  runs 

1  won't 

1  dance 

1  house 

1  mothers 

12  school 

3  young 

1  daughter 
1  dead 

1  human 

4  myself 

1  scold 

1  humor 

1  sick 

76.  FRIEND 

1    acquaintance 

2  dead 

2  he 

1  mates 

1  red 

1  acquainted 

1  dear 

1  help 

1  mean 

2  reUtion 

1  afraid 

1  death 

1  hend 

1  meet 

4  relative 

1  Alice 

2  dog 

1  him 

3  mine 

1  rend 

1  America 

1  horse 

1  money 

1  ring 

1  Annie 

1  Edith 

1  hurt 

4  mother 

1  Ro? 

1  August 

1  Edna 

1  move 

4  aunt 

1  Elson 

1  Ida 

1  Mrs. 

3  school 

4  enemy 

1  invite 

6  my 

4  schoolmate 

2  bad 

1  Evelyn 

1  Irish 

1  see 

1  bend 

1  everyone 

1  name 

1  she 

19  best 

1  John 

22  neighbor 
2  nephew 

}j!yf 

112  boy 

1  father 

3  boys 

1  feUow 

1  killed 

13  nice 

1  sing 

1  Brady 

3  fight 

6  kind 

1  no 

1  skin 

3  brother 

1  fife 

2  kindness 

1  nobody 

1  smoke 

1  foe 

8  know 

1  now 

1  some    one 

1  Carl 

14  friends 

3  children 

4  friendship 

11  lady 

1  over 

1  this 

1  chick 

2  fun 

2  lend 

98  chum 

6  like 

1  pal 

1  visit 

1  clean 

1  gentleman 

1  litUe 

2  pals 

1  visiting 

1  Clifford 

118  giri 

1  Louise 

1  park 

1  CMnt 

1  girls 

23  love 

2  partner 

1  walk 

10  companion 

2  go 

1  loved 

15  people 

2  war 

5  company 

1  gone 

1  lovely 

25  person 

1  who 

2  comrade 

94  good 

35  play. 

2  with 

1  country 

1  got 

1  mad 

2  playing 

1  women 

1  course 

8  man 

35  playmate 

66  cousin 

1  happiness 

4  marry 

1  playmates 

1  years 

1  cousins 

10  happy 

1  Mary 

1  plenty 

8  you 

1  cross 

8  have 

55  mate 

1  pretty 

1  your 

2  yours 

77.  HAMMER 


1  baby 
1  beat 
1  big 
1  blacks 
1  blacksmith 
1  board 
1  broken 

1  buUd 

2  building 
1  busted 

1  carpenter 
5  chop 
1  c\v£ 
I  crack 


1  drive 

2  knock 

1  papa's 

4  strong 

1  pieces 

1  swings 

37  finger 

1  lead 

288  pound 

6  little 

1  pounded 

1  Uck 

1  good 

5  loud 

1  pounder 

11  tool 

1  lumber 

28  pounding 

3  tools 

1  hand 

4  pounds 

9  handle 

1  make 

2  use 

1  hapoy 
20  hard 

1  manner 

1  rammer 

1  man 

1  rap 

1  we 

3  hatchet 

7  wood 

1  have 

218  nail 

1  saw 

2  work 

1  head 

186  nails 

1  slam 

1  works 

1  heavy 

1  new 

2  sledge 
1  smash 

1  workshop 

32  hit 

6  noise 

4  house 

1  noisy 

2  sore 

1  your 

2  hurt 

2  nuts 

1  square 
1  steel 

62  iron 

1  ouch 

1  strike 
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78.  THIRSTY 

2  ani 

3  crow 

9  giri 

11  milk 

1  thirst 

4  arc 

3  cup 

1  going 

1  mother 

1  throat 
4tired 
1  too 

1  boKy 

1  dog 

1  home 

3  parched 

3  beer 

4  drank 

1  horae 

1  pop 

1  burning 

364  drink 
1  drinker 

1  hot 
17  hungry 

1  pump 

1  very 

2  camel 

1  drinking 

4  quench 

8  want 

2  cat 

132  dry 

1  lemonade 

1  quenched 

1  wash 

3  chUd 

1  lonesome 

377  water 

1  choke 

1  fiUed 

4  salt 

2  weak 

3  coffee 

1  food 

1  mad 

1  starve 

1  weU 

1  cooking 

79.  CITY 

1  would* 

1  air 

1  comer 

1  I 

4   ««m* 

27  state  . 

1  automobile 

3  council 

1  inhabitants 

2  New  York 

5  store 

86  country 

1  it 

2  noise 

12  stores 

3  beautiful 

1  crowd 

1  story 

1  Berlin 

1  July 

1  oblong 

1  story 

2  St  Paul 

124  big 

1  dark 

1  old 

4  block 

5  dirt 

1  lady 

12  street 

7  blocks 

10  down 

4  lamp 

5  land 

1  Paris 

5  streetcar 

2  buUding 

1  dust 

3  park 

2  streets 

\)^S:r 

1  eat 

40  large 
2  lighted 

1  paving 
44  people 

1  table 

1  burning 

1  liahto 
1  iSe 

1  ptaSe 

1  tired 

2  burnt 

1  folk 

1  president 

1  Toledo 

2  fun 

1  Une 

no  town 

1  canal 

2  1itUe 

1  rat 

1  travel 

2  capital 

2  go. 

1  lity 

1  rest 

1  Turkey 

2  car 
2  cat 

\^ 

50  live 
2  lived 

1  resting 
1  roads 

1  United 

11  chair 

1  lone 

2  rocks 

2  U.  S. 

3  cheer 

1  hiU 

1  church 

22  home 

1  made 

2  seat 

2  village 

20  citiaen 

2  horae 

1  minority 

2  seated 

1  visit 

4  clean 

1  hospital 

8man 

1  sewer 

6  dothea 

15  houae 

2  men 

1  sidewalk 

1  wagon 

1  coming 

14  houses 

10  Minnesota 

80.  SQUARE 

1  sit 

1  wagons 
3  water 
1  we 

1  acre 

83  comer 

1  hole 

2  not 

1  school 

1  arithmetic 

6  corners 
1  cube 

23  house 

2  not   round 

8  shape 

1  back 
1  bear 

1  deep 
4  desk 

2  ice 

1  in 

95  oblong 
1  one 

1  sharp 

1  bilia 

29  inch 

2  sides 

1  door 

3  inches 

28  paper 

2  sidewalk 

1  draw 

1  isn't 

4^S 

1  smaU 

300  block 

1  parts 

1  so 

4  blocka 

4  edges 

2  Jackson 

2  perfect 

1  soldiers 

7  board 

2  equal 

4  picture 

1  stand 

15  book 

1  eraser 

11  large^ 

2  piece 

1  steel 

80  box 

20  even 

1  length 

4  place 

1  steeple 

*  ^7^ 

7  exact 

1  lengthwiae 

1  plank 

30  straight 

4  bnck 

1  letter 

1  pUte 

1  sugar 

1  Bridae 
1  buUding 

1  feet 
1  figure 

1  level 
4  Une 

3  pUy 
1  plot 

5  table 

3  flat 

1  lines 

1  public 

1  that 

1  cake 

2  floor 

1  log 

6  thing 

1  cakes 

1  foot 

17  long 

1  right 

1  tool 

1  candy 

3  four 

3  lot 

4  ring 
1  rock 

1  town 

1  cards 

1    four-cornered 

1  triangle 

1  case 

1  fraction 

1  make 

1  rod 

1  carpet 
1  celT 

2  game 

1  map 
1  market 

6  room 
35  round 

2  walk 
1  while 

2  chair 

1  goods 

1  mats 

3  rug 
8  ruTcr 

12  wide 

2  circle 

3  wood 

1  cloth 

1  handkerchief 

1  nice 

5  yard 
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81.  BUTTER 

1  bad 

9  dairr 
1  dandy 

1  goat 

1  love 

1  salt 

467  bread 

37  good 

1  salty 

1  brown 

1  dear 

5  grease 

1  made 

1  scatter 

10  butterfly 

3  dish 

1  greasy 

1  man 

5  smear 

1  but 

3  melt 

8  soft 

122  eat 

2  hard 

47  milk 

5  spread 

1  cheap 

2  eaUble 

8  high 

1  mutton 

1  square 

13  eheew 

1  egg 

1  house 

3  store 

18  chum 

1  eggs 

1  nice 

4  sweet 

IS  cow 

1  I 

1  syrup 

5  cows 

1  farmer 

1  on 

30  cream 

19  food 

1  knife 

1  taste 

5  creamery 

6  fresh 

1  pail 

1  cubes 

1  lard 
1  like 

82.  DOCTOR 

1  pound 

1  where 
117  yellow 

1  auto 

1  cough 

15  health 

132  man 

1  satchel 

24  cure 

10  help 

136  medicine 

1  scar 

7  baby 

1  helper 

2  men 

448  sick 

1  bad 

2  dentist 

1  helpman 

2  mother 

34  sickness 

1  bed 

1  did 

5  helps 

3  sore 

9  biU 

3  home 

1  needed 

1  bottle 

2  examine 

1  nice 

1  tag  day 

1  brother 

4  ill 

13  nurse 

1  teeth 

1  famUy 

4  illness 

1  tools 

1  call 

1  father 

1  office 

1  treat 

6  care 

1  find 

1  Johnson 

1  treatment 

3  case 

6  phvsician 

4  trouble 

1  cauterixer 

40  good 

1  lawyer 

1  chUd 

1  lay 

1  visit 

1  colds 

7  heal 

1  learn 

1  queer 

6  come 

1  healer 

1  was 

2  coming 

1  heals 

1  major 
1  mamma 

S3.  LOUD 

1  rain 
3  rich 

30  well 

1  able 

3  dog 

1  I 

1  rags 

1  spelling 

1  door 

1  it 

1  read 

1  stejps 
1  s^ 

1  baby 

1  drum 

1  reading 

1  bad 

3  laugh 

1  recite 

1  stormy 

2  bang 
2  bark 

1  ears 

1  laughed 

1  record 

1  swallow 

7  echo 

1  like 

6  ring 

1  swear 

1  bear 

1  echoes 

7  long 
1  louder 

1  roud 

1  sweet 

3  beU 

1  every 

1  rough 

1  blast 

5  loudly 

130  Ulk 

1  boy 

8  far 

8  low 

15  scream 

11  talking 

1  boys 

1  fast 

1  teacher 

1  bugle 

1  man 

1  shot 

1  there 

1  going 

1  men 

21  shout 

1  tone 

28  call 

1  gun 

1  mouth 

1  shouted 

5  train 

1  called 

1  moving 

3  shriek 

1  calling 

1  hammer 

4  music 

3  shrill 

41  voice 

1  cannon 

12  hard 

1  silent 

1  cause 

7  harsh 

201  noise 

20  sing 

1  walk 

5  child 

28  hear 

11  noisy 

1  singing 

12  whistle 

1  children 

1  heard 

1  not 

3  sings 

1  word 

1  hoarse 

13  soft 

1  color 

190  holler 

1  peal 

1  softly 

11  yell 

1  cried 

3  hollering 

1  peals 

8  song 

1  yeUed 

29  cry 

1  home 

4  piano 

9  sound 

1  you 

1  crying 

6  horn 

1  plain 

22  speak 

3  howl 

1  pound 

2  speech 

5  deaf 

1  howling 

1  proud 
84.  THIEF 

2  arrested 

1  fiffht 
1  fified 

1  lead 

4  nt^ht 

10  stealing 

1  leaf 

1  noisy 

8  steals 

19  bad 

1  food 

2  legs 

28  stole 

1  be 

1  fright 

2  liar 

1  oats 

20  stolen 

1  beg 

1  fun 

1  lie 

2  store 

1  blue 

1  light 

2  police 

2  strong 

1  boon 

2  girl 

2  locket 

6  prison 

3  suit 

1  boot 

8  gold 

1  long 
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1  booster 

1  good 

Sring 

9  take 

1  bum 

11  gun 

1  mail 

21  rob 

1  theft 

64  burglar 

1  mamma 

229  robber 

1  there 

1  hat 

30  man 

4  robbers 

5  tramp 

23  caught 
1  cfai^ent 

l\S^ 

1  me 
6  mean 

6  robs 
5  run 

1  unkind 

1  oow 

9  house 

1  meat 

1  useful 

1  coward 

63  money 

2  dog 

1  jail 

1  mouse 
1  murder 

1  sold 
1  sore 

1  w2S?" 

4km 

320  steal 

3  watch 

1  feet 

1  knife 

1  nice 
85.  UON 

10  stealer 

1  white 
1  women 

4  afraid 

1  cat 

13  forest 

1  jumps 

1  purr 

1  Africa 

1  catch 

1  fright 

20S  animal 

1  cave 

1  fur 

15  kiU 

52  roar 

3  anger 

1  claws 

2  kiUs 

3  roars 

Js;s3 

1  close 

5  good 

27  king 

3  rough 

4  creature 

7  growl 

1  growling 

16  Utfge 

2  skin 

2  bad 
1  bay 

1SS5? 

5  growls 
1  gun 

1  Is? 

1  small 
1  story 

5  bear 

1  deer 

3  Uve 

1  string 

95  beatt 

8  den 

1  have 

1  long 

16  strong 

83  big 

1  desert 

2  hair 

1  bind 

1  dog 

1  he 

14  mad 

2  taa 

18  bite 

1  head 

4  man 

1  tame 

1  biter 

109  eat 

1  horse 

8  mane 

12  teeth 

1  bit 

3  eats 

1  huge 

1  many 

1  terrible 

1  bonea 

1  hunger 

13  tiger 

1  boy 

1  fear 

4  hungry 

1  monster 

3  brave 

1  feet 

1  mouse 

7  wild 

1  bread 

119  fierce 
2  fight 

1  insect 

5  mouth 

8  woods 
1  wool 

8  cage 

1  fool 

16  jungle 
86.  JOY 

1  prance 

1  yellow 

3  army 

2  enjoy 

25  happiness 

3  merry 

3  sad 

3  automobile 

260  happy 

4  mother 

1  sadness 

1  father 

3  heiirt 

1  school 

3  baby 
1  birth 

1  feel 

6  home 

1  nau^ty 

1  show 

1  fest 

1  honor 

1  newT 

1  skating 

6  boy 

4  fine 

28  nice 

1  song 

1    bOTS 

1  full 

2  jokes 
2    oUv 
1  joyful 

3  bring 

182  fun 

1  park 

1  sprang 

3  funny 

5  party 

1  cake 

1  }om 

1  passed 

1  teeth 

1  cheer 

1  fune 

1  jump 

1  piano 

1  tickling 

2  child 

2  giri 

49  play 

2  time 

2  children 

203  glad 

25  Uttgh 

2  playful 

1  toy 

45  Chriitmaa 

2  gladly 

2  Uughing 

1  playing 

1  train 

1  clap 

7  gladness 

11  laughter 

6  pleasure 

1  trains 

1  comfortable 

1  glee 

1  life 

1  pretty 

1  company 
1  crazy 

2?  5^ 

2  like 

3  love 

1  loving 

1  rejoice 

1  way 

1  worry 

2  dance 

1  ha  ha 

1  doing 

1  happily 

4  man  ' 
87.  BED 

2  riding 

3  asleep 

1  father 

2  laying 

2post 

39  soft 

1  fell 

1  lasy 

1  potatoes 

2  spread 

8  bedding 

1  fool 

1  leg 

4  springs 

1  big 

1  legs 

8  quUt 

1  standui 

6  blanket 

2  go. 

10  lie 

6  supper 

1  bought 

ISSSf 

1  like 

17  rest 

1  sweat 

1  brass 

1  little 

5  resting 

1  broke 

1  lying 

8  room 

1  time 

1  buy 

1  hard 

1  rough 

3  tired 

1  head 

1  made 

1  to 

14  clothes 

1  home 

3  make 

6  sheet 

7  comfort 

9  mattress 

22  sick 

10  warm 
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1  couch 
12  cover 

3  coTcrs 

2  down 

4  dream 


1  animal 

3  baby 
1  bair 

1  barrel 

4  bed 
37  big 

3  blocks 

2  boards 

4  book 
12  box 

6  boy  . 
1  bundle 

5  burden 

1  can't 

36  carry 

1  case 

6  chain 
1  chair 
1  cloth 
6  coal 

1  cover 

1  desk 


1  America 

2  awful 

7  bad 
1  bag 

6  bitter 

1  blacksmith 

6  box 

8  brown 

1  can 
214  chew 

7  chewing 

2  cigar 

4  cigarettes 

5  ci|Kars 
1  chmax 


1  alive 

3  asleep 

1  bad 

1  bakery 

1  baptism 

1  bare 

1  bath 

1  bed 

1  big 

1  birds 

1  blanket 
35  bom 

7  bottle 
31  boy 

1  brotiier 

2  btiggy 

4  care 

4  carriage 


12  iron 
1  keyhole 


3  nice 
106  night 

4  nightgown 


1  lady 

109  lay 

25  piUow 

88.  HE^ 

1  do 

213  iron 

1  dog 

2  doll 

1  is 

1  it 

1  drop 

1  labor 

1  engine 

22  large 

1  every 

2  lazy 

35  lead 

1  fall 

1  leaves 

1  fat 

36  lift 

1  father 

5  lifting 

1  flour 

54  light 

1  fuU 

1  little 

72  load 

3  gold 

2  loaded 

1  goods 

1  loads 

1  guUt 

1  loan 

1  log 

5  hammer 

1  look 

178  hard 

1  lot 

3  head 

4  lumber 

1  heaven 

1  lunch 

1  heft 
3  house 
1  hurt 


1  don't 

1  eat 

13  father 

1  good 
1  grew 

1  habit 
1  hard 
1  harm 
1  honor 

1  Leader 

2  leaf 

7  leaves 


2  crib 

1  cried 
15  cries 

119  cry 
22  crying 
14  cute 

2  darling 
4  dear 

1  die 

1  doctor 

2  doll 

1  dream 

2  dress 
1  drinks 
1  drive 

1  ears 
1  ease 
1  eat 


453  sleep 

1  well 

1  sleeper 

2  went 

16  sleeping 

2  white 

9  sleepy 

1  wooden 

6  slept 

3  small 

1  no 

12  stove 

20  strong 

3  pail 

1  sunk 

1  paper 

2  papers 

2  thick 

2  potatoes 

1  thing 

2  pound 

4^ings 

1  this 

1  quilt 

1  tight 

5  tired 

1  rains 

2  tiresome 

19  rock 

1  too 

1  rocks 

1  tree 

3  trunk 

4  man 


1  sack 

1  salt 

1  sister 

1  sledge 

1  small 

1  soft 

1  steel 

1  steep 

1  stick 

32  stone 

1  stones 


6  very 

7  wagon 
1  water 
1  weak 

1  weigh 
39  weight 

1  were 
10  wood 

1  work 

1  world 


89.  TOBACCO 

3  like 

28  man 
10  men 


1  Prince  Albert  18  snuff 


3  nasty 

1  naughty 

2  opium 

70  pipe 

2  pipes 

4  plant 

5  plantation 
1  pledge 

1  pouch 

3  poison 

90.  BABY 

9  girl 
1  ffo 

6  good^ 

3  growing 

1  hands 

2  happy 
1  have 

1  hear 
1  heel 
1  helpless 

20  infant 

1  it 

2  joy 

1  kiss 
1  kitten 

3  lady 


2  raise 
1  red 

1  ru^ 

1  ruin 

1  ruins  life 

1  sick 

1  slow 

1  smith 

466  smoke 

3  smoked 

1  smokers 

2  smokes 
28  smoking 


55  milk 
22  mother 

1  name 

4  new 
11  nice 

1  nickel 
21  night 

1  nipple 

1  nose 

6  nurse 

4  nursy 

1  out 

1  people 
3  person 
6  play, 
1  playing 

5  pretty 


1  so 
20  spit 

1  squeal 

5  store 
12  strong 

1  sweet 

1  use 

1  Virginia 

1  weeds 


1  school 

3  sick 

5  sister 
20  sleep 
90  small 

1  smiled 

1  soul 
40  stork 
11  sweet 

14  tiny 

2  toes 
1  toys 
1  tub 

1  we 
1  well  , 
1  woman 

1  young 


Digitized  by 


Google 


68 


HERBERT  WOODROW  AND  FRANCES  LOWELL 


172  child 

9  eyea 

1  legs 

1  youngling 

17  cndle 

97  little 

3  rattle 

1  youngster 

3  crawl 

3  face 

4  love 

1  rock. 

2  crawUnc 

1  fat 

1  running 

1  fleah 

1  Mabel 
91.  MOON 

1  above 

1  eyea 

1  led 

1  red 

1  amaU 

1  at 

155  light 

5  rise 

1  soon 

1  away 

13  face 

1  litUe 

2  rising 
101  round 

1  spoon 

1  far 

1  loom 

9star 

1  baby 

20  f  uU 

4  look 

10  stars 

4  baU 

1  looks 

1  see 

1  stin 

29bif 

1  fhoat 

1  setting 

6  summer 

115  bnkht 

3  gold 

6  man 

107  shine 

14  sun 

3  clear 

1  gone 
1  good 

1  moonlight 
3  moves 

26  shines 
19  shining 

1  snnli^t 
1  snnshmy 

2  cloud 

1  shiny 

8  cold 

8  heaven 

7  nice 

1  show 

1  waxen 

1  color 

6  high 

128  night 

2  silver 

8  white 

3  cow 

1  hood 

2  house 

2  noon 

2  silvery 
2  skies 

1  worid 

10  dark 

103  sky 

8  yellow 

4  lake 

3  pretty 

2  slow 

1  earth 

2  Urge 

3  eveniiiff 

1  leave 

1  quickly 
92.  SCISSORS 

1  article 

n  cloth 

2  finger 

1  lizer 

11  sewing 

1  clothea 

1  long 

35  sharp 

1  bird 

1  coat 

1  glasses 

8  shears 

1  braM 

802  cut 

10  paper 

1  silk 

1  broke 

3  cuts 

1  have 

2  papers 

1  silver 

1  broken 

1  cutter 

5  small 

48  cutting 

1  knife 

1  safety 

4  steel 

1  caM 

1  screw 

1  clip 

1  dull 

1  large 

93.  QUIET 

15  sew 

1  waist 
1  work 

1  alone 
4  asleep 
1  awful 

1  empty 

}  ^ 

3  old 

3  slumber 
1  smaU 

1  feet 

13  listen 

1  peace 

1  smoke 

1  fight 

2  lonely 

3  peaceful 

46  soft 

14  baby 

1  lonesome 

1  person 

1  sofUy 

1  be 

11  girl 

n  loud 

1  solemn 

1  bed 

1  glaaa 

4  low 

3  quiet 

14  sound 

13  boy 

20  good 

1  man 

4  reading 

z^XT^ 

1  calm 

3  hall 

1  me 

4  r«st 

1  study 

1  cat 

1  happy 

22  mice 

3  resting 

5  child 

1  hear 

1  mine 

1  robber 

3  talk 

7  children 

6  here 

37  mouse 

1  rock 

1  thought 

1  clean 

4  home 

1  music 

43  room 

1  cold 

62  house 

4  very 

1  comfortable 

1  nap 

4  school 

1  country 

1  I 

1  napped 

3  sick 

1  wake 

1  cozy 

1  Indians 

6  met 

5  silence 

1  whiskey 

1  creak 

55  night 

4  silent 

1  woman 

1  joy 

70  noise 

1  sit 

1  day 

6  noiseless 

72  sleep 

1  yon 

1  dark 

1  keep 

18  noisy 

7  sleeping 

1  dead 

1  now 

22  sleepy 

1  deserted 

4  light 

1  slept 

23  apple 

1  cotton 

15  hat 

1  meadow 

1  silky 

7  apples 

2  country 

9  horn 

3  meadows 

4  skirt 

5  beautiful 

12  dark 

9  house 

4  nice 

iSar 

1  beauty 

1  draw 

1  ignorant 

1  night 

1  sorrow 

1  bed 

100  dress 

1  indolent 

1  nothing 

1  spire 

1  beet 

1  dummy 

21  Irish 

1  spires 

1  big 

1  dye 

1  it 

19  paint 

1  steam 
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1  blanket 

9  paper 

9  stem 

13  blue 

1  fine 

1  kind 

1  park 

1  style 

1  boat 

1  flag 

6  pencU 

1  sweet 

3  book 

7  flower 

1  lace 

1  pink 

1  boy 
7  bright 

1  flowers 

1  lavender 

8  plant 

1  thing 

1  fresh 

1    awn 

1  plume 

1  tree 

1  frait 

1    eaf 

23  pretty 

1  cabbage 

1  leafy 

29  waist 

1  glass 

2  lean 

1  railroad 

1  walls 

4  Christmas 

1  good 

13  leaves 

4  red 

3  white 

12  doth 
5  coat 

3  goods 
272  grass 

13  light 
2  like 

6  ribbon 

1  wood 
1  woods 

237  color 

1  gray 

1  sad 

1  com 

1  greenhouse 

1  man 

95.  SALT 

15  silk 

6  yellow 
1  young 

4  bad 

1  doughnuts 

1  kitchen 

29  pepper 

1  soft 

1  bake 

1  dress 

3  petre 

4  soup 

1  beet 

1  drink 

1  lalt 

2  pickle 

79  sour 

110  bitter 

2  lake 

3  pinch 

1  stale 

2  boot 

93  eat 

3  like 

2  pork 

4  sting 

8  bread 

6  eating 

1  loft 

5  potato 

3  store 

1  bricks 

1  egg 

1  look 

49  poUtoes 

13  strong 

4  bum 

1  eggs 

I  love 

1  pure 

1  stuff 

4  butter 

1  faU 

1  malt 

1  put 

23  sugar 
6  sweet 

1  carrot 

1  feathers 

99  meat 

1  rabbit 

1  Syracuse 

1  cattle 

1  fine 

1  me 

1  roast 

3  cellar 
1  China 

1  Hftffii 

6  fish 

4  flavor 

5  food 

1  men 
3  mine 
3  mineral 

1  rock 
1  rotten 

14  table 
21  taste 

6  cook 
1  cooking 

1  found 

1  mountains 
1  much 

1  sacks 

10  salty 

1  tasty 
10  thirsty 
3  tomato 

4  cow 
1  cried 

1  goat 
30  good 

2  nasty 

3  nice 

25  sea 

1  shake 

1  too 

1  crynal 

1  goods 
1  gram 

7  shaker 
1  sharp 

1  useful 

1  dandy 

1  halt 

64  ocean 
1  onion 

1  sheep 
1  small 

1  we 

1  deep 

1  horrid 

1  smart 

60  water 

1  horse 

1  pain 
96.  STREET 

1  soap 

97  white 

1  Adams 

1  children 

1  meat 

60  road 

2  alley 

8  city 

2  meet 

1  rock 

11  auto 

90  clean 

1  Hennepin 

16  mud 

3  mn 

12  cleaner 

1  home 

15  muddy 

1  running 

2  automobile 

1  cleaning 

42  horse 

1  automobiles 

1  complete 

54  horses 

3  narrow 

7  sand 

34  ayenue 

1  comers 

4  house 

1  newsboy 

2  sewer 

4  country 

1  houses 

1  nice 

23  sidewalk 

1  beat 

4  crossing 

2  slippery 

1  big 

IS  curb 

1  is 

1  noisy 
1  number 

2  stone 

1  black 

2  stores 

1  bled 

34  dirt 

1  straight 

2  block 

85  dirty 

1  on 

1  streetcar 

1  blocks 

1  driving 

41  lamp 

1  open 

1  blood 

1  dry 

7  lamppost 
1  land 

1  teams 

3  boys 

4  brick 

7  dust 

1  outdoors 

5  town 

7  dusty 

3  large 

1  track 

4  bricks 

1  Uwn 

1  pass 

1  broad 

1  earth 

1  Ught 

1  part 

49  wagon 

1  Broadway 

1  even 

3  lights 

15  paved 

3  wagons 
88  waUc 

1  listen 

15  pavement 

3  busy 

1  far 

7  live 

3  paving 

1  walker 

1  feet 

13  long 

7  people 

1  walking 

79  car 

1  funny 

1  place 

5  walks 

4  man 

1  Pl*y. 

1  water 

2  cement 

1  go 

1  marbles 

1  public 

1  way 

2  central 

1  good 

1  Marshall 

5  ride 

2  wet 
8  wide 
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97.  KING 


2  Ameriea 

3  cruel 

1  horse 

5  nice 

1  ruled 

1  animal 

4  Cxar 

1  hurt 

2  noble 

170  ruler 

1  Norway 

4niles 

1  dress 

1  iU 

2  Russia 

3  bad 

1  Ireland 

1  obey 

1  Russian 

1  beaat 

17  emperor 

1  island 

1  old 

1  beautiful 

13  Encland 

1  own 

1  seat 

3  beer 

1  English 

1  judge 

1  owner 

1  senranta 

2  Belgium 

1  Europe 

4  sH 

1  bai 

1  Kaiser 

26  palace 

1  small 

2  boM 

'  fox 

1  kUl 

2  person 
1  Peter 

3  soldier 

1  bow 

18  kingdom 

5  soldiers 

1  brave 

1  gentlesun 
1  George 
1  George  V 

1  knights 

1  nillory 

5  sovereign 

1  brinff 
1  brother 

»'•       •.ii^i^     1  place- 
1  lady                     1  Poland 

1  staff 

2  state 

4  German 

2  lame 

1  poor 
10  president 

14  stick 

1  candy 

5  Germany 

29  land 

1  Sultan 

5  cattle 

1  God 

1  ling 

4  pretty 

1  Sweden 

3  chief 

2  gold 

1  lion 

1  prince 

1  swoid 

1  Chritt 

25  good 

1  princess 

2  citixen 

2  governor 

1  majesty 

1  principal 

29  throne 

3  city 

1  grand 

66  man 

1  proud 

1  trouble 

1  clothes 

1  manager 

1  cold 

1  habit 

1  master 

50  queen 

1  very 

1  come 

3  happy 

1  mayor 

1  Hwold 

1  mean 

2  reign 
19  rich 

5  walk 

83  country 

1  have 

1  men 

7  war 

3  court 

4  head 

1  money 

1  robe 

1  whexe 

1  crime 

1  hearts 

1  my 

1  robes 

1  wine 

124  crown 

1  high 

1  royal 

1  wise 

4  crowned 

1  hook 

1  nail 
98.  CHEESE 

107  rule 

1  wood 
3  world 

1  dinner 

1  holes 

59  mice 

1  sneeze 

1  bees 

1  hungry 

32  milk 

2  soft 

2  bitter 

251  eat 

128  mouse 

1  sour 

1  bourfit 

4  eating 

1  I 

3  stink 

78  bread 

1  eau 

1  Italian 

2  nice 

5  store 

22  brick 

1  Edam 

1  strong 

49  butter 

1  egg 

1  knees 
1  knife 

1  old 

1  supper 
1  sweet 

6  cat 

17  food 

1  pound 

9  Swiss 

1  chum 

4  like 

8  cottaie 

1  goat 

7  Limburger 

57  rat 

3  cow 

1  goau 

1  lunch 

32  rats 

1  taste 

3  cows 

1  gone 

1  cracker 

57  good 

1  man 

1  sandwich 

6  white 

33  cream 

1  grocer 

1  meat 

13  smeU 

tfiiw^ii^  -lariMTOf i..  11  -.  >-  '■•  • :;! 

V  76  yellow 

99.  BLOSSOM 


87  apple 

7  apples 

1  autumn 

1  bears 

1  beauty 

2  big 

1  bird 

48  bloom 

2  blooming 

1  blooms 

1  blue 

45  bud 

2  buds 

1  California 

1  cherry 

1  hive 

1  open 

1  round 

1  clover 

1  house 

1  out 

1  color 

1  shiny 

1  cook 

1  June 

??SS 

12  smell 

1  crocus 

11  spring 

1  leaf 

1  peaches 

1  stem 

1  earth 

1  leaves 

1  peas 

14  ronune] 

1  like 

1  pick 

486  flower 

4  lily 

4  pink 

93  flowers 

1  love 

20  phun 

9  tree 

1  fruit 

1  liay 

37  pretty 
1  purple 

1  tulip 

8  garden 

1  violet 

1  good 

1  nice 

2  red 

..6  grow   

1  now 

26  rose 

30  white 

i      jj^  ITT  FIT- 

1  roses 

1  winter 
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100.  AFRAID 

1  aUey 

1  cow 

4  go 

1  monkey 

1  ship 

1  alone 

19  coward 

2  gun 

2  mouse 

2  sleep 

1  am 

1  cry 

1  gypsies 

1  snake 

3  a^i^falt 

1  crying 

1  nervous 

1  strong 

1  auto 

1  her 

59  night 

151  dark 

1  him 

1  no 

1  tabby 

18  baby 

73  dog 

2  home 

4  noise 

1  that 

1  bad 

1  donkey 

3  house 

8  thief 

1  bashful 

1  don't 

1  humor 

1  people 

4  tiger 

3  bear 

1  pond 

7  timid 

2  beast 

14  fear 

1  jackal 

10  boy 

1  fire 

1  rabbit 

1  very 

1  brand 

1  foolish 

22  lion 

1  rat 

4  brave 

6  f right 

1  lonesome 

26  robber 

3  walk 

1  bricht 

5  frighten 
34  frightened 

1  long 

2  robbers 

1  weary 

1  bug 

22  run 

4  wolf 

33  burglar 

2  funny 

1  maid 

1  women 

27  burglars 

9  man 

41  scare 

1  word 

15  ghost 

5  me 

9  scarecrow 

2  cat 

1  ghosts 

1  mean 

290  scared 

1  yes 

3  children 

9  girl 

1  melt 

1  scaring 

1  you 

1  cop 

1  glad 

2  men 

1  scream 
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CHAPTER  V 

Preferred  Responses  for  Different  Ages 

The  preceding  frequency  tables,  include,  as  already  explained/ 
reqK>nses  of  children  varying  in  age  from  9  to  12.  It  seems 
desirable,  therefore,  to  give  some  indication  of  the  degree  of 
agreement  between  the  children  of  different  ages.  This  is  fairly 
well  done  by  the  table  below,  which  gives  separately  for  each 
age  the  three  most  frquent  reqK>nses  to  each  of  the  stimulus 
words.  Since  the  4  age-groups  are  not  equal  in  numbers,  the 
numerical  frequencies  of  responses  given  by  different  groups 
could  not  be  directly  compared.  We  have,  therefore,  simply 
given  the  three  most  frequent  responses  in  the  order  of  their 
frequency,  omitting  the  coefficients. 

It  will  be  seen  that  there  is  remarkably  dose  agreement  between 
children  of  the  different  ages.  This  is  particularly  striking  when 
the  present  table  is  compared  with  a  similar  one  for  children  as 
compared  with  adults,  given  in  the  following  chapter.  This 
agreement  for  the  4  different  ages  here  in  question  is  so  dose  as 
to  suggest  that  it  would  not  be  worth  while  to  compile  frequency 
tables  for  each  age.  Unless  very  large  numbers  of  cases  were 
used,  something  like  ten  thousand  for  each  age,  differences  ob- 
tained with  the  different  ages  would  scarcdy  be  reliable.  We 
bdieve,  therefore,  that  we  are  justified  in  taking  together,  as 
one  group,  children  of  the  4  ages  we  have  used,  and  regarding 
the  results  as  representative  of  children  in  general  between  tiic 
ages  9  to  12  indusive. 

It  may  be  pointed  out,  further,  that  the  preceding  tables  may 
be  much  more  correctly  regarded  as  proper  standards  of  assoda- 
tion  in  children  than  can  the  Kent-Rosanoff  tables  as  proper 
standards  for  adults,  for  the  latter  indude  responses  from  per- 
sons of  from  eight  to  over  eighty  years  of  age,  though  mainly  of 
the  adult  ages.    Kent  and  Rosanoff  do  not  give  the  age  distribu- 

^  See  Chapter  III,  Composition  of  Groups. 
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tion  of  their  subjects,  but  they  mention  a  group  of  78  children 
under  16  years  of  age.  On  the  whole,  however,  it  is  probably  per- 
missible to  speak  of  their  table  as  an  adult  table,  as  does  RosanofT 
himself. 

PREFERRED  RESPONSES  BY  AGES 


Sdmtdus 
1.  Table 

9  yrs. 
eat 

dashes 

10  yrs. 
eat 

dishes 
legs 

11  yrs. 

eat 

dishes 

dish 

12    yrs. 
eat 

dishes 
legs 

2.  Dark 

night 
black 
see 

night 
bkck 
afraid 

night 
see 

room 

night 
afraid 

3.  Music 

piano 

sing 

play 

sing 

piano 

sweet 

piano 

sing 

play 

piano 

sing 

sweet 

4.  Sickness 

ill 

bed 

doctor 

doctor 

bed 

ill 

bed 

fever 

doctor 

ill 

doctor 

bed 

5.  Man 

work 

hat 

rich 

hat 

work 

clothes 

work 

hat 

person 

work 

hat 

clothes 

6.  Deep 

hole 

water 

well 

hole 

water 

well 

hole 
well 
water 

hole 

water 
down 

7.  Soft 

pillow 

nice 

cotton 

cushion 

pillow 
cotton 
bed 

gmow 

cotton 

8.  Eating 

bread 
table 
ice-cream 

bread 

table 

food 

bread 
Uble 
hungry 

bread 

food 

eat 

9.  Mountain 

high 
hill 
peak 

It 

snow 

ateep 

high 

hiB 

snow 

10.  House 

live 

room 

chair 

lire 

warm 

room 

live 
big 
warm 

live 

wood 

warm 

11.  Bkick 

dark 
dress 
color 

dark 
color 
dress 

dark 
color 
dress 

dark 
dirty 
color 

14.    Hand 

clock 

fingers 

work 

work 

(fingers 

clock 

fingers 
work 
clock 

fingers 

finger 

work 

IS.  Short 

small 
little 
pencil 

small 
little 
dress 

small 
litUe 
walk 

small 
little 
pencil 

16.  Fruit 

apple 

apples 

eat 

eat 

orange 

apple 

apple 
eat 

good 

apples 

17.  Butterfly 

fly 

wings 
pretty 

fljr 

wings 

pretty 

wings 
butter 

18.     Smooth 

ice 

soft 
even 
level 

soft 
even 

nice 

soft 
even 

rough 

20.  Chair 

sk 

scat 

legs 

sit 

scat 

wood 

sit 

seat 

set 

sit 
set 

rocking 
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21.  Sweet 
33.  Whittle 

33.  Woman 

34.  Cold 

35.  Slow 

26.  With 

27.  RiTtf 

28.  White 

29.  Beautiful 

30.  Window 

31.  Roufb 

33.  Foot 

34.  Spider 

35.  Needle 

36.  Red 

37.  Sleep 

38.  Anger 

39.  Carpet 

40.  Girl 

41.  High 


cood 
candy 


good 
candy 


good 
tugar 
oranget 


noitc 
blow 
boy 

lady 


winter 
freese 

burn 

walk 
buy 
fatt 

bone 
want 
doll 

water 

lake 

ttream 

drett 
color 
light 

pretty 

nice 

drett 

glati 

Mne 
look 

bard 
mean 
bad 

walk 
feet 
leg 

web 
legs 

bug 

tew 

tewtng 

thread 

color 

bright 

drett 

bed 

night 
tired 

mad 
fight 
crott 

floor 
sweep 

drett 

boy 
hair 

mountain 

air 

far 


Mow 

noite 

lady 

drett 

mother 

ice 

winter 


walk 

iaay 
clock 

want 
fair^ 
candy 


lake 

drett 

color 
light 

pretty 

nice 

lady 

glatt 
look 
light 

hard 

bumpy 

mean 

walk 
toet 
ieg 

web 

bug 

tew 

thread 

tewing 

color 

bright 

drets 

bed 

night 

eyet 

mad 

mean 

crott 

S"* 

floor 
dirty 

drett 

nice 

doU 

mountain 

tall 

hill 


blow 
loud 

lady 
drest 
mother 

tnow 
chiUy 
freeze 

clock 

want 
bone 
dog 

water 
twim 
fish 

color 
clean 
tnow 

pretty 

nice 

lady 

glatt 

look 
pane 

hard 

boy 

board 

walk 

leg 

toet 

web 
legs 
bug 


ttick 
tewing 

color 
drets 
bright 

bed 

night 

tired 

mad 
fight 
crost 

floor 
walk 

drett 

child 
big 

hiU 
up 
mountam 


good 
sugar 
candy 

blow 
noise 
loud 

lady 
drett 
children 

winter 

ioe 

weather 

fatt 
walk 
l«uy 

want 
fairy 
true 

water 
twim 
fith 

color 

pretty 

nice 

girl 

glatt 
pane 
look 

boy 

mean 

smooth 

walks 
walk 
leg 

web 
bug 


pin 

sharp 

color 
ck>th 
bright 

bed 

night 

dream 


fight 
scold 

floor 
houte 

dress 
chikl 
boy 

mountain 
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42.  Working 

43.  Sour 

44.  Earth 

46.  Soldier 

47.  Cabbage 

48.  Hard 

49.  Eagle 

50.  Stomach 

51.  Stem 

52.  Lamp 

53.  Dream 

54.  Yellow 

55.  Bread 

57.  Boy 

58.  Light 
60.  Bible 

62.  Sheep 

63.  Bath 

64.  Cottage 

65.  Swift 


hard 
busy 


milk 

cream 

sweet 

ground 

round 

black 

war 
fight 
fighting 

eat 

vegetable 

garden 

stone 
work 
rock 

bird 

big 

ache 

eat 
food 

flower 

cut 

green 

light 
burn 
glass 

sleep 

night 
bed 

color 
dress 
flower 

eat 

dough 

butter 

fiSf 

bad 

lamp 
dark 
tright 

book 

church 

holy 

wool 

animal 

lamb 

water 
clean 
tub 

house 

lake 

live 

fast 
run 
horse 


hard 


pickles 

milk 

yinegar 

ground 

dirt 

round 

war 
fight 
man 

vegetable 
eat 

garden 

stone 
rock 
floor 

bird 

fljr 

wings 

ache 
body 
eat 

flower 

long 

flowers 

light 
burn 
glass 

sleep 
night 
bed 

color 
dress 
flower 

eat 

flour 

good 

play 
man 
pants 

lamp 
dark 
gas 

book 
God 
read 

wool 

animal 

white 

water 
wash 
clean 

house 
home 
lake 

fast 
run 
horse 


hard 


milk 

bitter 

lemon 

ground 

dirt 

Uack 

war 
fight 
army 

,  vegetable 
eat 

leaves 

atone 
work 
soft 

bird 

mountain 

ache 
sick 
eat 

flower 

flowers 

long 

light 
glass 
burn 

sleep 

color 
dress 
flower 

eat 


pants 

cap 

child 

lanu) 

da7 

brijBrht 

book 
read 

church 

wool 

animal 

Iamb 

water 
wash 
clean 

house 
home 
lake 

fast 

run 
horse 


hard 
man 
busy 

sweet 

eat 

bitter 

ground 

round 

dirt 


fight 
war 

eat 

vegetable 
leaves 

work 
floor 
rock 

bird 

wings 

eat 

ache 
sick 

flower 

flowers 

long 

light 


sleep 
night 
bed 

color 
dress 
light 

eat 

flour 
dough 

play 
man 
girl 

dark 

day 

lamp 

God 
book 

read 

wool 

animal 

white 

water 
clean 
wash 

house 
home 
lake 

fast 
horse 


Digitized  by 


Google 


76 


HERBERT  WOODROW  AND  FRANCES  LOWELL 


66.  Blue 
^7,  Hungry 

68.  Priest 

69.  Ocean 

70.  Head 

71.  Stove 

72.  Unff 

74.  Wbiskey 

75.  CbUd 

77.  Hammer 

78.  Thirsty 

79.  aty 

80.  Square 

81.  Butter 

82.  Doctor 

83.  Loud 

84.  Thief 

85.  lion 

86.  Joy 

87.  Bed 


color 
dress 

color 
dress 
■ky 

eat 

bread 

food 

eat 

bread 

food 

church 

minister 

Catholic 

church 

minister 

Catholic 

water 

water 

waves 

sea 

river 

river 

ill 

hair 

bnsins 

round 

fire 
hot 

hot 
fire 

warm 

warm 

s: 

far 

drink 

beer 

drunk 

drink 
drunk 
liquor 

girl 

^ 

pound 

Sail 

naUs 

pound 

Sail 

naila 

water 
drink 
dry 

drink 
water 
dry 

Minneapolis 

country 

town 

Ifinneap 

big 

town 

block 

box 

oblong 

bk>ck 
boot 

comer 

bread 
yelh)w 
eat 

bread 
yellow 
eat 

sick 
man 
medicine 

sick 

medicine 

man 

holler 

talk 

noise 

noise 
holler 
talk 

SiMl 

robber 
money 

steal 

robber 

burglar 

animal 

beast 

eat 

animal 
beast 

fierce 

happy 

fun 

glad 

sleep 

^^ 
night 


ST 

tun 


sleep 

1*7 

night 


color 
dress 
sky 

eat 

bread 

starve 

church 

minister 

Catholic 

water 
waves 


hair 

brains 

eyes 


hot 
fire 


dress 

drink 
drunk 
beer 

Uby 

children 

giril 

pound 


color 
dress 
■ky 

eat 

bread 
starve 

church 


water 
sea 

ships 

hair 

brams 

fire 
beat 
hot 

short 

far 

grass 

drink 
drunk 
beer 

baby 

bojr 

children 

nail 
nails 
pound 


water 
drink 
dry 

Minneapolis 

big 

town 

block 

oblonf 

straigM 

bread 
yellow 
eat 

sick 

medicine 

noise 

talk 

holler 


water 
drink 
dry 


town 
big 

bkN:k 

oblong 

corner 

bread 
cat 

yellow 

sick 
medicine 


holler 
noise 
talk 


robber 
money 

animal 
eat 

fierce 

2T 

fun 

aleep 
night 


robber 
burglar 


fierce 
eat 

happy 

fun 

glad 

sleep 
night 
lay 
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88.  >Hcavy 

89.  Tobacco 

90.  Babj 

91.  Moon 

92.  Scissors 

93.  Quiet 

94.  Green 

95.  Salt 

96.  Street 

97.  King 

98.  Cheese 

99.  Blossom 

100.  Afraid 


iron 
hard 
load 

hard 
iron 
load 

hard 
iron 
load 

light 
hard 
iron 

smoke 
chew 

smoke 
chew 

smoke 
chew 

smoke 
chew 

pipe 

pipe 

pipe 

pipe 

child 
little 
cry 

child 

«ry 

small 

child 

cry 

little 

child 
little 

night 
round 
bright 

light 

bright 

night 

light 
shine 
round 

light 
night 
bnght 

cut 

cutting 

sharp 

cut 

cutting 

sharp 

cut 

cutting 

sharp 

cut 

cutting 

cloth 

still 

sleep 

soft 

still 

noise 

sleep 

still 

sleep 

house 

still 

house 

noise 

grass 

color 
dress 

color 
grass 
dress 

grass 

color 
dress 

color 
srass 

dress 

bitter 
white 
meat 

bitter 
white 
meat 

eat 

meat 

bitter 

meat 
bitter 
eat 

dirty 
clean 
horse 

walk 
dirty 
car 

-walk 
dirty 
road 

walk 

car 

dirty 

crown 

filler 

good 

crown 

ruler 

rule 

ruler 

crown 

country 

ruler 

rule 

country 

eat 

eat 

eat 

eat 

mouse 
rat 

mouse 
bread 

mouse 
butter 

mouse 
yellow 

flower 
flowers 
apple 

flower 

flowers 

apple 

flower 
flowers 
apple 

flower 

flowers 

•white 

scared 

dark 

night 

scared 

dark 

dog 

scared 

dark 

dog 

scared 

dark 

night 
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CHAPTER  VI 
Comparison  of  Association  Types  of  Children  and  Adults 

Nearly  every  writer  on  the  psychology  of  association  has 
emphasized  the  difficulties  of  any  classification  of  associations 
according  to  their  form,  or  type.  With  respect  to  these  difficul- 
ties, we  agree  absolutely  with  previous  workers.  We  do  not 
wish  to  minimize  the  uncertainty  and  arbitrariness  of  any  classi- 
fication of  associations,  particularly  when  unaided  by  introspec- 
tion ;  nor  do  we  claim  any  value,  except  for  our  present  purpose, 
for  the  system  of  headings  which  we  ourselves  have  used.  As 
regards  the  aid  to  be  obtained  from  introspection,  it  may  be 
questioned  if  children's  introspection  would  be  of  sufficient 
reliability  for  use  in  the  classification  of  associations  according 
to  their  type.  At  any  rate,  introspections  were  not  available, 
either  for  children  or  adults. 

Notwithstanding  the  difficulties,  we  believe  that  the  careful 
classification  of  associations  that  we  have  made  for  both  children 
and  adults  is  of  great  value.  In  spite  of  the  large  numbers  of 
possible  errors,  the  comparison  of  these  classifications  brings  out 
in  unquestionable  manner  a  number  of  extremely  striking  and 
important  differences  in  the  mental  processes  of  children  and 
adults. 

In  this  connection,  we  should  like  to  quote,  approvingly,  Kent 
and  Rosanoff:  "It  must,  indeed,  be  conceded  that  objective 
methods  can  reveal  but  indirectly  and  with  uncertainty  the  inner 
mechanism  which  produces  any  association  and  that  in  any 
given  instance  it  would  be  impossible  to  establish  the  correctness 
of  grouping  in  accordance  with  such  methods.  However,  to 
decide  that  question  for  any  given  reaction  is  really  not  necessary 
in  practice,  since  an  error  made  through  wrongly  placing  one, 
two,  or  three  reactions  under  any  heading  is  of  no  significance; 
the  types  acquire  importance  when  represented  by  large  numbers 
.  .  .  and  when  many  reactions  fall  under  a  single  heading  the 
likelihood  of  error,  as  affecting  the  record  as  a  whole,  is  by  that 
fact  alone  greatly  reduced. 
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"The  whole  question  might  more  profitably  be  approached  from 
another  point  of  view.  To  what  extent  are  the  distinctions  of 
this  classification  useful?  An  answer  to  this  question  can  be 
found  only  in  the  results."^  It  should  be  explained  that  the  above 
statements  of  Kent  and  Rosanoff  were  made  concerning  their 
system  of  classification  and  not  the  one  we  have  used,  but  they 
express  our  attitude  towards  our  own  attempts  at  classification. 

As  regards  the  value  of  classifications  as  significant  forms  of 
description,  we  agree  with  Wells,  who  writes  as  follows:  "In 
the  valuable  study  of  Kent  and  Rosanoff,  considerable  distrust  is 
expressed  of  the  quasi-logical  categories,  because  of  their  vague- 
ness and  subjectivity.  A  somewhat  similar  opinion  has  been  ex- 
pressed by  the  present  writer.  At  the  same  time,  it  could  obvious- 
ly not  be  supposed  that  the  further  development  of  the  association 
test  would  render  it  possible  to  dispense  altogether  with  this 
principle  of  classification.  It  is  as  impracticable  to  make  fre- 
quency tables  for  all  association  words  as  it  is  desirable  to  state 
their  results  in  a  more  significantly  descriptive  form  than  they 
permit."* 

In  our  selection  of  classificatory  cat^ories,  we  have  endeav- 
ored merely  to  get  headings  which  would  serve  to  descrie  the 
chief  similarities  and  dissimilarities  between  the  associations  of 
children  and  adults.    We  have  distinguished  the  following  types : 


I. 

Superordination 

XII. 

Verbs 

II. 

Subordination 

XIII. 

Participles 

III. 

Coordination 

XIV. 

Adjective-Noun 

IV. 

Contrast 

XV. 

Noun-Adjective 

V. 

Similarity 

XVI. 

Noun- Abstract  Attribute 

VI. 

Part-Whole 

XVII. 

Verb-Object 

VII. 

Whole-Part 

XVIII. 

Pronouns 

an. 

Cause-Effect 

XIX. 

Sound-Similarity 

IX. 

Effect-Cause 

XX. 

Word-Compounding 

X. 

Material 

XXI. 

Non-Specific 

XI. 

Contiguity 

XXII. 

Miscellaneous 

1  op.  cit,  pp.  27-28. 

*  A  Preliminary  Note  on  the  Categories  of  Association  Reactions/  Psych, 
Rev,  Vol.  XVIII,  191 1,  p.  229. 
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The  meaning  of  most  of  these  headings  is  sufficiently  dear, 
particularly  as  they  are  fully  illustrated  further  on.  Some  of 
them,  however,  require  a  few  words  of  explanation.  The  class 
of  associations  headed  contiguity,  includes  associations  by  both 
temporal  and  spatial  contiguity.  Associations  by  temporal  con- 
tiguity were  so  rare  that  it  did  not  seem  worth  while  to  make  a 
separate  class  of  them.  This  class  includes  also  any  response 
which  might  be  designated  a  spatial  or  temporal  localization.  We 
have  also  placed  in  this  class,  instead  of  tmder  whole-part,  any  as- 
sociation between  a  person  and  an  article  of  clothing. 

The  distinction  between  the  classes  verbs  and  participles  is  an 
important  one,  as  the  participles,  particularly  the  present  ones, 
which  almost  exclusively  compose  this  class,  usually  have  a  more 
abstract  implication  than  the  verbs. 

Under  the  heading,  word-compounding,  we  have  included  not 
only  cases  of  actual  compounding  but  all  pairs  of  words  so  closely 
connected  as  practically  to  form  a  compound  word,  such  as  high, 
— up  and  deep,^-down.  Under  this  same  heading,  we  have 
placed  all  cases  of  syntactical  change,  except  those  which  are 
classified  tmder  the  heading  of  sound-similarity.  Thus  the  asso- 
ciation long, — ^length  is  classified  under  word-compounding  and 
high, — height  under  sound  similarity.  This  inclusion  of  certain 
cases  of  syntactical  change  under  the  heading  of  word-compound- 
ing makes  the  heading  somewhat  misleading.  Perhaps  *supcr- 
ficial  verbal'  would  be  a  better  heading,  in  which  case,  association 
by  sound  similarity  would  be  a  sub-class. 

The  miscellaneous  group  includes  three  cases:  first,  associa- 
tions which  seemed  to  belong  fairly  well  in  more  than  one  of  our 
groups;  second,  associations  of  a  sort  so  rare  that  it  was  not 
deemed  worth  while  to  make  a  separate  classification  of  them; 
and  third,  associations  which  were  extremely  difficult  to  classify 
at  all,  at  any  rate,  under  any  very  general  heading. 

The  responses  classed  as  non-specific,  no  matter  with  what 
stimulus  words  they  occurred,  were  the  following: 


article  (8) 

nice 

thoQffht(s) 

bad 

object 

unnecesaary 

beautifttl 

people 

nnpleaaant 

beauty 

person 

nseCa) 

big 

pleasant 

used 

fine 

pleasantness 

useful  (ness) 

good 
happy 

pleasing 

useless  (ness) 

pleasure 

using 

happiness 

pretty 
small 

woman 

large 

work 

man 

thinking 
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Using  the  data  on  the  ninety  words  which  both  our  tables  and 
the  Kent-Rosanoff  tables  have  in  common,  we  have  classified, 
with  the  greatest  care  every  response  in  both  the  children's  tables 
and  the  Kent-Rosanoff  tables  with  a  frequency  of  ten  or  over.  For 
three  of  our  classes  of  associations,  we  have  classified  every 
case,  even  those  of  a  frequency  of  only  one.  These  classes  are 
the  associations  by  similarity  in  sound,  responses  consisting  of 
pronouns  and  the  non-specific  responses.  With  these  classes, 
especially  the  first  two  of  them,  such  a  large  proportion  of  the 
responses  have  a  frequency  less  than  ten  that  representative  re- 
sults could  hardly  be  secured  without  using  all  cases.  No  response 
has  been  classified  under  more  than  one  heading,  with  the  excep- 
tion of  the  non-specific  responses.  All  the  non-specific  responses, 
however,  are  classified  twice, — once  xmder  the  heading  of  non- 
specific and  once  under  some  other  heading. 

In  our  tabulated  summary  of  the  various  association  types, 
we  have  used  all  the  associations  that  we  have  classified.  In  the 
table,  we  give  for  each  type  of  association,  for  children  and  adults 
separately,  the  following :  first,  the  number  of  response  words  of 
the  type  in  question  (No.);  2d,  their  average  frequency 
(Av.  F.);  thirds  the  sum  of  their  frequencies  (Total);  and 
fourth,,  the  percentage  of  all  the  responses  composed  by  the  re- 
sponses of  the  type  in  question,  that  is  the  percentage  that  the  total 
frequency  is  of  90,000  .(%). 

Summary   of   Data  on   Association   Types 

Adults  Children 

Class  No.  Av.F.  Total  %  No.  At.F.  Total  % 

Snperordlnation    97  70  6,832  7.6  61  54  3,304  3.7 

Subordination     45  33  1,478  1.6  43  44  1,912  2.1 

Coordination     253  39  9,781  10.9  207  26  5,442  6.0 

Contrast     66  144  9,500  10.6  50  24  1,201  1.3 

SimiUritr     147  54  7.978  8.9  115  67  7,729  8.6 

PartpWhole     19  52           997  1.1  IS  22  337  0.4 

WlhoIcPart     63  30  1,903  2.1  63  52  3,248  3.6 

Cause-Effect     41  54  2,213  2.5  30  58  1,741  1.9 

££Fect'Caase    13  26           338  0.4  11  43  471  0.5 

Material     aO  44           878  1.0  19  43  812  0.9 

Conticuitj     172  31  5,372  6.0  210  66  13,763  15.3 

Verbs     175  33  5,776  6.4  192  48-  9,163  10.2 

Participles    63  28  1,738  1.9  53  15  803  0.9 

AdJ.-Noun 273  23  6.204  6.9  291  35  10,077  11.2 

Noun-Adj 221  17  3,851  4.3  230  31  7,037  7.8 

Nonn-Abst.   Att.    ...  12  21            248  0.25  6  7  44  0.05 

Verb-Object     28  27           764  0.9  33  45  1,488  1.7 

Pronouns    30  2             51  0.05  104  2  202  0.22 

Sound  Similarity 29  2             61  0.07  133  3  384  0.43 

Word'Compounding  25  28           697  0.77  27  35  942  1.04 

Non-Specific     603  9  5.614  6.2  563  12  6,904  7.7 

Miscellaneous    81  53  4,251  4.7  73  68  4,998  5.5 
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The  data  presented  in  the  table  admit  of  a  number  of  conclu- 
sions, which,  so  long  as  they  are  stated  in  a  non-mathematical 
manner,  may  be  regarded  as  established  beyond  a  doubt.  These 
conclusions  are  the  following: 

(i)  The  following  types  occur  more  frequently  in  children 
than  adults:  verbs,  verb-object,  noun-adjective,  adjective-noun, 
pronouns,  sound  similarity,  contiguity,  whole-part  and,  less  def- 
initely, subordination  and  word-compounding. 

(2)  The  following  types  occur  more  frequently  in  adults  than 
in  children :  contrast,  superordination,  coordination,  part-whole, 
noun-abstract  attribute,  participles  and,  less  definitely,  cause  and 
effect. 

(3)  The  following  types  are  about  equally  frequent  in  both 
pronouns,  sound  similarity,  contiguity,  whole-part  and,  less  dcf- 
reactions  belonging  to  the  miscellaneous  group,  and  effect-cause. 
The  results  with  respect  to  associations  from  effect  to  cause, 
however,  we  r^^rd  an  unreliable  for  not  only  is  the  number  of 
such  cases  small,  but  are  nat  very  clear-cut  cases. 

The  preceding  conclusions  are  based  upon  the  results  obtained 
with  a  particular  list  of  stimulus  words.  To  what  extent  this  fact 
limits  their  general  validity,  it  is  hard  to  say.  Differences  be- 
tween groups  would,  however,  be  much  less  dependent  upon  the 
list  of  stimulus  words  than  would  the  relative  frequency  of  the 
various  tjrpes  of  association  for  a  single  group.  For  example, 
it  presumably  matters  but  little  whether  our  list  contains  ten  or 
tihirty  stimulus  words  with  easy  OKX>sites.  So  long  as  we  give 
the  same  words  to  both  children  and  adults,  we  are  justified  in 
comparing  them  with  respect  to  their  tendency  to  give  opposites. 

We  should  like  very  much  to  print  our  classifications  in  full, 
but  this  would  require  too  much  space.  We  have  decided,  there- 
fore, to  limit  our  printed  classifications  to  responses  possessing  a 
frequency  of  fifty  or  over  in  one  or  the  other  of  the  tables.  These 
are  sufficient  in  number  to  show  how  we  have  interpreted  our 
various  classificatory  categories,  and  they  illustrate  fairly  weD 
the  differences  or  similarities,  as  the  case  may  be,  existing  be- 
tween children  and  adults  with  respect  to  the  various  types. 

In  comparing  the  frequencies  of  response  of  adults  and  child- 
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rcn  in  any  one  case,  a  number  of  complicating  conditions  should 
be  kept  in  mind. 

In  the  first  place,  the  frequency  of  any  single  response  of  a 
given  type  may  be  lowered  because  of  the  high  frequency  of  a 
response  of  a  different  type.  For  example,  let  us  suppose  that 
adults  have  a  stronger  tendency  than  children  towards  association 
by  superordination,  and  at  the  same  time  a  stronger  tendency 
towards  association  by  contrast.  Now  if  the  stimulus  word  is 
one  which  has  an  easy  opposite,  a  very  large  portion  of  the 
adults'  responses  may  consist  of  this  opposite.  Consequently, 
there  will  be  fewer  adult  responses  left  to  be  divided  among  the 
other  reaction  words;  and  the  frequency  of  a  given  superordi- 
nating  response  may  be  less  with  the  adults  than  with  the  children, 
in  spite  of  a  greater  tendency  towards  superordination  on  the  part 
of  the  adults,  simply  because  a  greater  portion  of  the  adult  re- 
sponses have  been  used  up  in  the  contrasting  response. 

Again,  the  difference  in  vocabulary  between  adults  and  child- 
ren has  to  be  carefully  considered.  Without  at  present  raising  the 
general  question  of  the  explanation  of  the  differences  in  associa- 
tion type  between  adults  and  children,  it  is  evident  that  many 
responses  (such  as  the  response  abode,  to  house)  can  not  be  ex- 
pected from  children,  simply  because  they  have  not  acquired 
them.  Now  it  may  happen  in  some  cases  that  most  of  the  fitting 
responses  of  a  given  association  type  are  words  which  children 
have  not  at  their  command,  in  which  case  the  frequency  of  the 
children's  responses  of  this  type  would  naturally  be  low,  even 
though  in  general  their  tendency  towards  associations  of  this  type 
might  be  high. 

On  the  other  hand,  the  adults  may  know  several  response  words 
of  a  certain  type  and  give  all  of  them,  whereas  the  children  might 
know  only  one.  In  this  case  the  frequency  attaching  to  the 
children's  single  response  might  be  greater  than  that  attaching 
to  the  adults',  simply  because  the  children  had  united  on  the  one 
word;  and  yet  the  general  tendency  of  the  adults  towards  the 
type  of  association  in  question  might  be  much  more  pronounced 
than  that  of  children. 

Another  point  that  should  be  considered,  one  of  great  impor- 
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tance,  is  the  definiteness  or  accuracy  with  which  a  response 
shows  the  type  of  association  in  question.  For  example,  the 
association,  cabbage, — ^vegetable,  is  a  much  more  clear  cut  case 
of  super-ordination  than  the  association,  cabbage, — thing.  In 
general  it  may  be  said  that  the  non-specific  responses, — responses, 
that  is,  which  occur  to  many  different  stimulus  words,  are  less 
significant  than  specific  responses.  A  number  of  the  exceptions 
to  the  general  trend  of  differences  between  adults  and  children 
occur  in  connection  with  these  non-specific  responses.  For  ex- 
ample, the  adults  show  a  distinctly  greater  tendency  towards 
superordination  than  the  children,  and  yet  the  frequency  for 
children  is  slightly  greater  in  three  of  the  cases  where  non-specific 
responses  occur,  namely,  man, — ^person,  woman, — person,  and 
boy, — ^person.  Similarly,  in  cases  where  the  classification  of  an 
association  is  doubtful,  differences  in  the  frequency  of  that  as- 
sociation between  adults  and  children  must  be  of  more  doubtful 
significance,  as  regards  preferred  types  of  association,  than  where 
the  classification  is  unquestionably  correct. 

Lastly,  one  should  keep  in  mind  the  unreliability  of  any  par- 
ticular frequency.  Whenever  the  differences  between  the  fre- 
quencies for  adults  and  for  children  is  small,  it  is  not  certain 
but  that  the  group  showing  the  highest  frequency  would  not, 
with  a  larger  number  of  subjects,  show  the  lower  frequency. 

We  sLppend  the  classifications  of  responses  of  a  frequency  of 
fifty  or  over. 

Classifications  of  Associations 


I.      SUPERORDIXATIOX 

Stimulus 

Response 

Aduhs 

Children 

1.    Table 

furniture 

75 

0 

3.    Music 

sound 

95 

35 

S.    Man 

male 

99 

8 

10.    House 

building 

78 

16 

dwelling 

68 

1 

home 

103 

39 

17.    Butterfly 

insect 

261 

66 

20.    Chair 

furniture 

83 

7 

22.    Whistle 

noise 

173 

185 

23.    Woman 

female 

134 

9 

27.    River 

stream 

117 

30 

34.    Spider 

bug 

58 

83 

insect 

276 

57 

39.  Carpet 

40.  Girl 

covering 

76 

0 

child(ren) 

51 

57 

female 

77 

22 

46.    Soldier 

man 

189 

95 

47.    Cabbace 

vegetable  (s) 

404 

174 
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St 

imulus 

Response                 Adults 

ChUdren 

49. 

Eagle 

bird 

568 

373 

50. 

Stomach 

organ 

81 

0 

55. 

Bread 

food 

191 

37 

57. 

Boy 

child(ren) 

87 

59 

male 

63 

9 

60. 

Bible 

book 

338 

224 

62. 

Sheep 

animalCs) 

243 

119 

64. 

CotUg^ 

home 

85 

101 

68. 

Prieat 

man 

75 

69 

74. 

Whiskey 

liQUor 

70 

97 

77. 

tool 

69 

11 

81. 

Butter 

food 

63 

19 

82. 

Doctor 

man 

68 

132 

85. 

lion 

animal 

326 

205 

beast 

67 

95 

97. 

Kinr 

man 

43 

66 

98. 

Cheese 

food 
II.      SUBOSOINATIOM 

91 

r 

17 

3. 

Music 

piano 

180 

198 

song(s) 

74 

66 

4. 

Sicknesa 

ferer 

9 

SO 

16. 

Fruit 

APPle(s) 

259 

305 

banana(s) 

19 

96 

orange  (s) 

45 

99 

23. 

Woman 

mother 

30 

53 

44. 

Earth 

cUy 

71 

0 

75. 

Child 

boy 

64 

90 

79. 

City 

ffkineapoUs 
New  Ybrk 

45 
0 

93 
218 

99 

2 

99. 

apple 
III.    COOKDIKATION 

50 

87 

1. 

Table 

chair(s) 

274 

24 

5. 

Man 

boy 

44 

29 

6. 

Deep 

loW 

51 

35 

10. 

House 

barn 

74 

12 

14. 

Hand 

foot 

204 

0 

16. 

Prult 

vegetable  (s) 

103 

13 

17. 

Butterfly 

hird(s) 

74 

57 

18. 

Smooth 

nice 

4 

68 

soft 

79 

132 

20. 

Chair 

table 

191 

29 

21. 

Sweet 

good 

26 

213 

23. 

Woman 

girl 

59 

17 

25. 

Slow 

easy 

63 

13 

lazy 

28 

138 

27. 

Rirer 

lake 

65 

42 

29. 

Beautiful 

nice 

73 

169 

30. 

Window 

door 

57 

2 

31. 

Rough 

hard 

38 

144 

mean 

1 

71 

33. 

Foot 

hand 

185 

5 

34. 

Spider 

Needle 

fe 

136 

40 

35. 

158 

37 

36. 

Red 

61 

0 

blue 

99 

9 

white 

97 

18 

40. 

Girl 

woman 

61 

8 

41. 

High 

far 

1 

58 

43. 

Sour 

bitter 

70 

63 

46. 

Soldier 

sailor 

58 

0 

50. 

Stomach 

intestine  (s) 

60 

1 

51. 

Stem 

flower  (s) 

266 

447 

leaf 

96 

11 

53. 

Dream 

thoughtCs) 

60 

4 

54. 

Yellow 

white 

70 

5 

57. 

Boy 

man 

104 

61 

60. 

Bible 

church 

50 

110 

62. 

Sheep 

kmb(s) 

187 

108 

66. 

Blue 

green 

54 

1 

red 

54 

21 

67. 

Hungry 

thirsty 

73 

14 

69. 

Ocean 

sea 

75 

88 
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Stiniulua 
70.    Head 
72.    LoBC 
74.    Whiskey 

75. 

Child 

79. 

City 

80. 
81. 
85. 
88. 
90. 
91. 

Square 

Batter 

Uoo 

Heary 

Baby 

Moon 

92. 
93. 

Scissors 
Quiet 

94. 
95. 

Green 
Salt 

96. 

Street 

98. 

Cheese 

2. 

4. 

5. 

6. 

7. 

9. 
11. 
15. 

Dark 

Sickness 

Man 

Deep 

Soft 

MounUin 

Black 

Short 

18. 
21, 

Smooth 
Sweet 

2Z. 

24. 

Woman 
Cold 

25. 

Slow 

28. 
29. 
31. 
i7. 

White 
Beautiful 
Rouffh 
Sleep 

40. 
41. 
43. 
48. 
57. 
58. 

Girl 

High 

Sour 

Hard 

Boy 

Lifffat 

65. 
72. 
80. 
83. 

Swift 
Long 

86. 
88. 
93. 

Quiet 

97.    King 


2.  Dark 

4.  Sickness 

9.  Mountain 

11.  Black 

15.  Short 


Response 

Aduks 

foot 

64 

big 

1 

alcohol 

50 

beer 

46 

baby 

193 

infant 

122 

mother 

55 

country 

74 

town 

258 

oblong 

32 

milk 

101 

tiger 

102 

hard 

38 

child 

239 

sun 

120 

sur(8) 

125 

knife 

66 

peaceful 

52 

rest 

68 

yeHow 
bitter 

54 

40 

pepper 

142 

sour 

18 

sugar 

88 

arenue 

63 

roMl 

91 

bread 

56 

butter 

136 

milk 

106 

IV.    Contrast 

light 

427 

health 

142 

woman  (en) 

394 

shallow 

180 

hand 

365 

valley 

90 

whrte 

339 

long 

279 

Ull 

168 

rough 

277 

bitter 

50 

sour 

301 

man 

292 

hot 

151 

warm 

166 

fast 

316 

quick 

56 

black 

308 

ugly 

66 

smooth 

346 

awake 

94 

wake 

60 

boy 

350 

k>w 

328 

sweet 

349 

soft 

367 

Surk 

319 

231 

darkness 

93 

slow 

190 

short 

413 

round 

250 

low 

57 

soft 

165 

sorrow 

135 

li^ 

273 

noise 

50 

noisy 

113 

queen 

354 

V.      SiMILAUTY 

• 

black 

76 

iUCness) 
hilKs) 

119 

216 

dark 

172 

little 

15 

Children 

0 

55 

15 

108 

185 

3 

26 

86 

110 

95 

47 

13 

178 

172 

14 

19 

2 

3 

4 

6 

110 

29 

79 

23 

34 

60 

78 

49 

32 


38 

6 
25 

6 
27 

3 
27 
54 
12 
35 

0 
23 
17 
12 
25 
65 

4 
28 

0 
35 
14 

6 

40 
25 
75 
65 
32 
99 

0 
28 
45 
35 

8 
13 

0 
54 
70 

8 
50 


80 
100 

97 
315 
157 
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Stimulus 

Response                 J 
small 

Uuhi 

136 

18. 

Smooth 

even 

30 

level 

52 

20 

.  Chmir 

seat 

127 

23. 

Woman 

lady 

41 

26. 

Wish 

desire 

197 

28. 

White 

clean 

10 

29. 

Be*ttUful 

handsome 

86 

lovely 

64 

pretty 
bumpy 

113 

31. 

Rough 

1 

38. 

Anger 

cross 

44 

passion 

51 

temper 

149 

wrath 

52 

39. 

41. 

s;r 

{Sf<*^ 

177 
57 

42. 

Working 

busy 

51 

labor 

147 

44. 

Earth 

dirt 

115 

58. 

Light 

ground 
bright 

166 
47 

62. 

Sheep 

mutton 

60 

64. 

Cottage 

house 

461 

65. 

Swift 

fast 

222 

quick 

117 

68. 

Priest 

cler^man 

62 

minister 

178 

preacher 
far 

35 

72. 

Long 

8 

78. 

Thirsty 

dry 

218 

81. 

Butter 

grease 

76 

82. 

Doctor 

physician 

213 

83. 

Loud 

noisy 

112 

84. 

Thief 

burglar 

118 

robber 

126 

86. 

Joy 

fun 

6 

glad 
happiness 

27 

215 

happy 

71 

pleasure 
infant 

121 

90. 

Baby 

168 

93. 

Quiet 
King 

still 

136 

97. 

ruler 

162 

99. 

Blossom 

flower  (s) 

540 

100. 

Afraid 

nervous 

55 

scared 

106 

timid 

55 

VI.    Part-Whole 

16. 

Fruit 

tree(8) 

62 

33. 

Foot 

limb 

58 

46. 

Soldier 

army 

137 

50. 

Stomach 

body 

99 

51. 

Stem 

plant 
body 

74 

70. 

Head 

146 

99. 

Blossom 

trecCs) 

57 

VII.    Whole-Paot 

1. 

Table 

leg(s) 

23 

3. 

Mhisic 

notes 

17 

9. 

Mountain 

peak(s) 
rock(s) 

17 

18 

10. 

House 

room(s) 

17 

14. 

Hand 

finger  (s) 

112 

47^ 

Butterfly 

wiSg(s) 

41 

30. 

WSndow 

glass 

316 

pane 

82 

33. 

Foot 

toe(s) 

71 

34. 

Spider 

legs 

27 

47. 

Cabbage 

leaves 

11 

49. 

Eagle 

winf(s) 
wool 

24 

62. 

Sheep 

143 

69. 

Ocean 

wave(s) 
brain(s) 

57 

70. 

Head 

90 

eye(8) 

12 

hair 

159 

79. 

City 

house  (s) 

55 

Children 

214 

70 

55 

131 

243 

4 

97 

13 

8 

280 

61 

56 

0 

8 

0 

247 

56 

49 

18 

102 

223 

74 

9 

425 

391 

10 

0 

168 

57 

90 

132 

5 

6 

11 

64 

229 

182 

203 

25 

260 

6 

20 

300 

170 

579 

1 

•  290 

7 


11 
0 
63 
78 
25 
26 
9 


78 

10 

50 

49 

64 

199 

137 

421 

62 

115 

107 

62 

92 

411 

96 

162 

107 

203 

29 
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VIII.    Cause-Effect 

Stiaralut 
4.    SidcneM 

Response 
dtmA 

Aduks 
115 

Children 
8 

52.    Lunp 

light 

650 

648 

63.    SltiT 

clean 

120 

192 

cleanliness 

109 

1 

71.    Store 

fire 

217 

164 

heat 

213 

112 

74.    Whlikejr 

drank 

31 

138 

91.    Mooa 

light 

231 

155 

IX.    Effect-Cause 

37.    Sleep 

tared 

26 

67 

67.    Hamr 
100.    Afraid 

appetite 
bnrjlar(s) 

57 

5 
114 

3 
60 

151 

dog 

1 

73 

X.    Matkual 

2.    Table 

wood 

76 

21 

35.    Needle 

steel 

S3 

23 

S2.    Lemp 
55.    hrSk 

£SSh 

8 
16 

50 
80 

floor 

88 

95 

36.    Batk 

water 

339 

295 

77.     Henner 

iron 

XI.  Contiguity 

45 

62 

1.    Table 

dish(ea) 

45 

159 

2.    Dark 

^ 

221 

421 

4.    SickncM 

54 

105 

doctor 

62 

116 

5.    Man 

hot 

7 

82 

8.    Eatina 

Uble 

21 

108 

9.    Moimttin 

snow 

10 

61 

14.    Hand 

arm 

63 

44 

30.    Window 

light 

186 

47 

33.    Foot 

Bhoe(s) 

55 

163 

115 

81 

35.    Needle 

thread 

160 

72 

37.    Sleep 

bcd(8) 

75 

382 

night 

49 

95 

38.    Anaer 

boy(8) 

3 

53 

39.  Carpet 

40.  Girf 

floor 

256 

149 

dress 

8 

240 

46.    Soldier 
50.    Stomach 

f^ 

27 
102 

61 
83 

51.    Stem 
53.    Dream 

lar 

70 
11 

42 
78 

night 

42 

260 

S4.    Bread 

batter 

151 

8 

57.    Boy 

ball 

10 

55 

cap 

1 

53 

58.    Liffbt 

sr 

6 
81 

63 

67 

64.    Cottage 

lake 

5 

117 

68.    Priest 

church 

166 

271 

69.    Ocean 

boat(s) 

7 

54 

ahip(8) 

35 

79 

74.    Wliiakey 

saloon 

15 

57 

81.    Butter 

bread 

206 

467 

82.    Doctor 

medicine 

149 

136 

aick 

52 

448 

sickness 

104 

34 

84.    Thief 

money 

16 

63 

87.    Bed 

night 

11 

106 

89.    Tobacco 

i^ 

69 

70 

90.    Babj 

1 

55 

91.    Mom 

night 

66 

128 

d? 

73 

103 

stars 

93 

10 

96.    Street 

horse(s) 

2 

96 

97.    King 

•         crown 

13 

124 

country 

63 

83 

98.    Cheese 

mice 

25 

59 

mouse 

13 

128 

rat(s) 

15 

89 
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XII.    Verbs 

Stimulua 

Response 

Adults 

Children 

1.    Table 

eat 

63 

358 

2.    I>ark 

see 

0 

47 

3.    Music 

play 

7 

81 

sing 

12 

153 

5.    Man 

work 

17 

168 

8.    Eating 

eat 

0 

51 

9.    Mountain 

dimb 

9 

29 

10.    House 

live 

33 

165 

14.    Hand 

work 

49 

113 

write 

3 

52 

16.    Fruit 

eat 

62 

153 

17.    Butterfly 

Ay 

44 

179 

20.    Chair 

sft 

107 

430 

22.    Whistle 

blow 

95 

189 

sing 

75 

6 

24.    Cold 

freeze 

7 

68 

25.    Slow 

walk 

8 

107 

26.    Wish 

hope 

51 

10 

want 

66 

99 

27.    lUver 

swim 

4 

72 

30.    Window 

look 

15 

116 

33.    Foot 

walk 

106 

205 

34.  Spider 

35.  Needle 

crawls 

1 

54 

sew 

134 

449 

37.    Sleep 

dream 

28 

55 

rest 

300 

40 

wake 

60 

6 

38.    Anger 

fight 

8 

57 

39.    Carpet 

walk 

15 

88 

43.    Sour 

eat 

0 

54 

46.    Soldier 

fight 

17 

160 

47.    Cabbage 

eat 

30 

193 

49.    Eagle 

fly 

46 

120 

50.    Stomach 

ache 

31 

189 

eat 

45 

108 

52.    Lamp 

burn 

20 

70 

53.    Dream 

sleep 

339 

273 

55.    Bread 

eat 

148 

356 

57.    Boy 
60.    Bible 

play 

20 

84 

read 

31 

116 

63.    Bath 

wash 

102 

143 

64.    Cottage 

live 

17 

79 

65.    SwHt 

run 

19 

202 

67.    Hungry 
70.    Head 

eat 

126 

337 

think 

9 

59 

71.    Store 

burn 

12 

103 

cook 

24 

62 

74.    Whiskey 

drink 

232 

279 

77.    Hammer 

pound 

51 

288 

78.    Thirsty 

drink 

206 

364 

79.    City 

lire 

7 

50 

81.    Butter 

eat 

34 

122 

83.    LoDd 

holler 

16 

190 

84.    Thief 

steal 

212 

320 

85.    Lion 

eat 

1 

109 

roar 

46 

52 

87.    Bed 

lay 

8 

109 

rest 

132 

17 

sleep 

345 

453 

89.    Tobacco 

chew 

28 

214 

smoke 

387 

466 

90.    Baby 

cry 

37 

119 

91.    Moon 

shine 

26 

107 

92.    Scissors 

cut 

347 

802 

96.    Street 

walk 

78 

88 

97.    King 

rule 

10 

107 

98.    Cheese 

eat 

67 

251 

100.    Afraid 

fear 

197 

14 

XIII.    Participles 

3.    Music 

singing 

48 

23 

8.    Eating 

drinkiiig 

166 

2 

20.    Chair 

sitting 

56 

17 

35.    Needle 

sewing 

107 

81 

li  ^T 

eating 
stealing 

64 
69 

5 

10 

69.    Tobacco 

smoking 

98 

28 

92.    Scissors 

cutting 

114 

48 
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XIV.    Adjbctive-Xoun; 


Stimnlttt 
6.    Deep 


7.    Soft 


11.    Black 

18.    Smooth 
21.    Sweet 


24.    Cold 


25.    Slow 
28.    ^ite 


29.    Beautiful 
31.    Rottch 
36.    Bed 


41.  High 

42.  Wbrking 

43.  Sour 


48.    Hard 


54. 

Yellow 

65. 
66. 

Swift 
Blue 

72. 

Long 

80. 

Square 

83. 

Loud 

88. 

Heavy 

93. 
94. 

Quiet 
Green 

95. 

Salt 

Reaponse 

Adults 

hole 

32 

ocean 

93 

sea 

90 

water 

134 

well 

44 

bed 

12 

bread 

4 

cotton 

28 

cushion 

25 

pillow 
dreat 

53 

29 

night 

51 

glaaa 

56 

«pple(8) 

14 

candy 

82 

sugar 

224 

ice 

114 

snow 

45 

winter 

120 

snail 

62 

cloth 

17 

dress 

34 

iight 

51 

P^per 

17 

snow 

91 

flower  (s) 

55 

boy(s) 

8 

SK55^'> 

16 

71 

cloth 

8 

dress 

18 

air 

5 

hill 

20 

mountain  (s) 

173 

man 

1 

men 

0 

»pple(8) 

37 

cream 

0 

lemon  (s) 

95 

nalk 

31 

pickle(s) 

41 

▼inegar 

91 

floor 

16 

ground 

2 

rock 

38 

stone 

102 

wood 

66 

work 

19 

dress 

9 

flower 

38 

light 

14 

orange 

47 

horse 

28 

dress 

18 

fl«t« 

6 

sky 

239 

distance 

81 

K'x" 

4 
36 

corner  (s) 

25 

noise 

205 

Ulk 

12 

iron 

70 

lead 

60 

load 

57 

weight 

177 

house 

3 

dress 

6 

grass 

284 

meat 

18 

water 

34 

Children 
257 

IS 

14 
145 

87 

57 

45 

57 

39 
138 

63 

15 

48 

66 
146 
178 

84 

62 

103 

2 

61 
149 
125 

S4 

65 

43 
126 

56 

14 

65 

85 

50 

92 
125 

93 
.   52 

96 

52 

60 
124 
110 

53 

54 

51 

92 
113 

30 

89 
129 
105 

59 

81 
124 
173 

82 

102 

6 

75 

80 

89 
201 
130 
213 

35 

72 

39 

62 

100 

2 

99 

60 
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XV.    Noun-Adjective 


Stimulus 


Respaase 


AduHa 


Children 


3. 

MUU€ 

sweet 

47 

79 

5. 

Man 

big 

0 

26 

9. 

Mountain 

high 

246 

390 

10. 

House 

big 

4 

51 

warm 

3 

62 

16. 

Fruit 

good 

24 

89 

17. 

Butterfly 

foT 

39 

89 

22. 

Whistle 

27 

71 

35. 

Needle 

•harp 

152 

56 

36. 

Red 

40 

68 

39. 

Carpet 

78 

28 

44. 

Earth 

black 

7 

73 

round 

61 

82 

46. 

Soldier 

brave 

46 

53 

49. 

Eagle 

Ja 

0 

52 

50. 

Stomach 

10 

85 

51. 

Stem 

long 

18 

60 

55. 

Bread 

good 
holy 

21 

90 

60. 

Bible 

57 

68 

62. 

Sheep 

wliite 

18 

57 

68. 

Priest 

CathoUc 

36 

111 

69. 

Ocean 

deep 

87 

23 

70. 

Head 

round 

21 

58 

71. 

StoTe 

black 

59 

37 

hot 

86 

200 

warm 

32 

127 

75. 

Child 

good 

7 

78 

small 

52 

45 

79. 

aty 

big 

9 

124 

large 

62 

40 

81. 

Butter 

soft 

65 

8 

C 

80 

117 

85. 

Lion 

2 

83 

fierce 

36 

119 

90. 

Baby 

little 

12 

97 

small 

42 

90 

91. 

Moon 

bright 

52 

115 

round 

33 

101 

92. 

Scissors 

sharp 

190 

35 

95. 

Salt 

white 

36 

97 

96. 

Street 

clean 

7 

90 

dirty 

5 

85 

long 

29 

13 

narrow 

21 

3 

98. 

Cheese 

good 

15 

57 

yellow 

32 

76 

XVII.    Verb-Object. 

8. 

Eating 

bread 

46 

178 

food 

170 

54 

26. 

Wash 

fairy 

11 

64 

77. 

Hammer 

nail(s) 

283 

404 

XX.    Word-Compounding 

1. 

Table 

doth 

57 

43 

26. 

Wish 

bone 

19 

85 

34. 
41. 

Spider 
mgh 

web 
up 

188 
26 

261 
60 

63. 

Bath 

tub 

71 

131 

72. 

Long 

-length 

50 

25 

96. 

Street 

car(s) 

18 

80 

XXII.    Miscellaneous 

11. 

Black 

color 

129 

104 

14. 

Hand 

clock 

1 

65 

21. 

Sweet 

taste 

57 

23 

22. 

Wiiistle 

boy  (8) 

61 

103 

27. 

River 

water 

393 

433 

28. 

White 

color 

170 

116 

36. 

Red 

color 

254 

298 

38. 

Anger 

cross 

44 

56' 

mad 

121 

471 

mean 

1 

53 

42. 

Working 

hard 

105 

299 
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43.    Sonr 

taste 

55 

28 

46.    Soldier 

war 

94 

203 

50.    StooiMh 
54.    Yellow 

disiestion 
color 

50 
301 

1 
320 

58.    Licht 

6^ 

21 

64 

82 

251 

sun 

85 

29 

60.    Bible 

God 

43 

124 

religion 

89 

4 

66.    Bloc 

color 

256 

318 

67.    Hungry 

bread 

26 

173 

food 

136 

55 

69.    Ocean 

water 

427 

413 

77.    Hammer 

hard 

53 

20 

78.    Thirsty 

water 

341 

377 

80.    Square 

block 

71 

300 

89.    Tobaeco 

habit 

94 

1 

93.  Qniet 

94.  Green 

sleep 
color 

24 
200 

72 
237 

95.    Salt 

Uste 

87 

21 

00.    Afraid 

coward 

53 

19 

nigbt 

12 

59 

Qasscs  XVI,  XVIII,  XIX  and  XXI  have  been  omitted  from 
the  proceding  tables.  Under  the  heading  noun-abstract  attribute 
(class  XVI),  there  was  only  one  association  of  a  frequency  of 
over  50  with  either  adults  or  children,  the  association,  mountain, 
— ^height  (adults,  73,  children  15).  Other  cases,  of  lesser  fre- 
quency, are  the  following:  butterfly, — beauty;  eagle, — ^flight; 
Bible, — ^truth;  ocean,— depth;  child, — innocence;  and  lion, — 
strength.  Under  the  heading  of  pronouns  (class  XVIII),  we 
have  simply  included  every  response  consisting  of  a  pronoun. 
The  list  of  responses  called  non-specific  (dass  XXI)  has  already 
been  given  in  the  earlier  part  of  this  chapter.  Associations  by 
sound-similarity  (class  XIX)  in  no  case  reach  a  frequency  as 
high  as  50,  and  in  most  cases  have  a  frequency  of  only  one  or 
two.  The  following  list  of  illustrations  will  sufiice:  table, — 
able;  dark, — ^mark;  short, — port;  slow, — oh;  wish, — mish;  river, 
— sliver;  red, — Ed;  anger, — angry;  high, — height;  working, — 
work;  city,— citizen;  blue, — ^mew;  stove, — ^love;  stove, — move; 
and  afraid, — ^maid. 
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CHAPTER  VII 

Comparison  of  Preferred  Responses  of  Children 
AND  Adults 
We  have  listed  below  the  three  most  frequent  responses  of 
both  children  and  adults.  The  results  for  the  children  are  taken 
from  our  children's  frequency  tables  and  those  for  adults  from 
the  Kent-Rosanoff  tables.  The  frequencies  of  the  three  com- 
monest responses  of  each  group  are  given  in  heavy  faced  figures. 
For  each  of  these  three  highest  frequencies  of  one  group,  are 
given  the  corresponding  frequencies  of  the  other  group.  For 
example,  with  the  stimulus  word  music,  the  three  commonest 
adult  responses  are  piano  (i8o),  sound  (95)  and  song  (68), 
while  the  three  commonest  children's  responses  are  piano  (198), 
sing  (153)  and  sweet  (79).  Sound  and  song  are  not  among  the 
children's  three  most  frequent  responses,  but  their  frequency 
with  children  is  given,  for  the  sake  of  comparison,  in  plain  type 
Similarly,  the  words  sing  and  sweet,  though  not  among  the 
adults'  three  most  frequent  responses,  have  their  frequency  given 
in  plain  type.    The  table  follows. 

Comparison  of  Preferred  Responses 


Stimulus 

Response 
Word 

Frequencies 

Stimulus 

Response 
Word 

Frequencies 

Word 

Adults 

Children 

Word 

Adults    Childrc 

1. 

Table 

chair 

2S7 

16 

male 

00               8 

wood 

76 

21 

boy 

44              29 

furniture 

75 

0 

work 

17           168 

eat 

63 

858 

Ihat 

7             82 

duhea 

^ 

126 

person 

30             45 

legs 

10 

70 

6.  Deep 

shallow 

180                6 

2. 

Dark 

liaht 
nigbt 

427 

38 

water 

154           145 

221 

421 

ocean 

OS              15 

Wack 

76 

80 

hole 

32           257 

see 

0 

57 

well 

44             87 

3. 

Music 

piano 

180 

108 

7.  Soft 

hard 

865              27 

sound 

05 

35 

pillow 

58           188 

song 
sing 

68 
12 

50 
ISS 

S? 

S4              15 

12             57 

tweet 

47 

70 

cotton 

28             57 

4, 

Sickness 

healtb 
death 
illness 
doctor 

142 

115 

71 

62 

6 

8 

S 

116 

8.  Eating 

food 
drinking 
bread 
Uble 

170             54 

106                2 
46           178 

21           168 

bed 

54 

106 

9.  Mountain 

hifh 

246           800 

ill 

48 

05 

bill 
▼alley 

184             01 

00                3 

5. 

Man 

woman 

864 

8 

snow 

10             61 
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Sttnulut 

Response 

Stimulus 

Response 

Frequencies 

Word 

Word 

Adulu 

Children 

Word 

Wiord 

Adttlti 

Children 

10. 

House 

home 

IM 

39 

26.  Wish 

desire 

1S7 

4 

building 

TH 

16 

want 

M 

M 

Urn 

74 

12 

hope 

81 

10 

lire 

33 

IM 

bone 

0 

88 

wmrm 

3 

t2 

fairy 

19 

M 

big 

4 

SI 

27.  River 

water 

SM 

4a 

11. 

BUck 

white 

99^ 

27 

stream 

117 

30 

dmrk 

m 

SIB 

lake 

g8 

42 

color 

19 

IM 

swim 

4 

72 

dress 

29 

M 

28.  White 

bUck 

8M 

28 

14. 

Hand 

foot 

IM 

0 

color 

1TB 

lit 

tincers 

88 

IM 

snow 

tl 

65 

arm 

m 

44 

dress 

34 

148 

work 

49 

lis 

light 

51 

UB 

clock 

1 

M 

29.  Beautiful 

Dretty 
nice 

lis 

M 
78 

13 
IM 

15. 

Short 

long 

SY» 

M 

lady 

S 

38 

tall 

small 

little 

15 

12 
214 
1»7 

30.  Window 

glaas 
light 

fook 

Slf 

IM 
8S 

421 

47 

M 

15 

lit 

16. 

FruU 

apple 

1B7 

ISl 

31.  Rough 

smooth 

S44 

35 

apples 

1«S 

174 

hard 

M 

144 

Tegetable 

n 

10 

uneven 

M 

13 

est 

62 

IBS 

boy 

mean 

4 
1 

71 

17. 

Butterfly 

insect 
bird 

Ml 
•4 

66 
57 

33.  Foot 

hand 

188 

5 

Hings 

44 

ITS 

shoe 

144 

73 

31 

114 

walk 

IM 

pretty 

39 

M 

toes 
leg 

41 
54 

81 

78 

18. 

Smooth 

rough 
soft 

35 
ISS 

34.  Spi<ier 

insect 

S7B 

57 

glass 

M 

48 

web 

188 

281 

even 

30 

7S 

?y 

IM 

40 

nice 

4 

€8 

is? 

27 

58 

187 

8S 

20. 

Chair 

able 
seat 

Itl 
U7 

29 
ISl 

35.  Needle 

thread 

IM 

72 

sit 

i«r 

sharp 

182 

56 

set 

0 

M 

pin 

sew 

147 

134 

36 
448 

21. 

Sweet 

sour 

Ml 

23 

sewing 

107 

81 

sugar 
candy 

2S4 

N2 

178 
144 

36.  Red 

color 

blue 

884 

9§ 

288 
9 

good 

26 

SIS 

white 

•7 

18 

22. 

Whistle 

noise 
sound 

ITS 
IM 

188 

18 

dress 
bright 

18 
40 

8S 

88 

blow 

M 

IM 

37.  Sleep 

rest 

SM 

40 

boy 

56 

7» 

awake 
bed 

M 
78 

14 
SI 

zy 

Woman 

man 

SM 

17 

night 

49 

M 

female 

1S4 

9 

tired 

26 

87 

5dy 
dress 

M 
41 
28 

17 
24S 

M 

38.  Anger 

!sr' 

148 
121 

8 
471 

mother 

30 

BS 

wrath 
cross 

62 

44 

0 
M 

24. 

Cold 

warm 

IM 

25 

fight 

8 

87 

b<« 

151 

12 

39.  Carpet 

floor 

2M 

148 

winter 
ice 

U9 

114 

IM 

84 

ISft 

IM 

78 

2«8 

28 

freeie 

7 

•8 

w«lk 

15 

88 

25. 

SIpw 

fast 

Sl« 

«Q 

40.  Girl 

boy  , 

SM 

M 

easy 

•8 

13 

female 

77 

22 

snail 

<2 

2 

woman 

81 

8 

walk 

28 

IM 

dress 

8 

248 

8 

107 

child 

49 

48 
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Stimulus 

Frequencies 

Stimulus 

Response 

«    Frequencies 

Word 

Word 

Adults 

Children 

Word 

Word 

Adults 

ChUdren 

41. 

Hjgli 

low 

S2S 

25 

55. 

Bread 

'food 

101 

37 

mountain 

157 

120 

butter 

151 

68 

tall 

57 

56 

eat 

148 

866 

hill 

20 

02 

flour 

88 

05 

up 

26 

60 

good 

21 

00 

42. 

Working 

labor 

147 

18 

57. 

Boy 

girl 

810 

32 

hard 

105 

260 

man 

104 

61 

busy 

51 

49 

child 

86 

45 

man 

50 

03 

play 

20 

84 

men 

6 

51 

pants 

6 

68 

43. 

Sour 

sweet 

84» 

75 

58. 

Light 

dark 

281 

00 

▼inegar 

•1 

53 

darkness 

03 

0 

lemon 

78 

57 

sun 

85 

29 

milk 

31 

124 

lamp 
bright 

82 

281 

pickles 

26 

89 

47 

74 

44. 

Earth 

ground 
dirt 

166 

228 

60. 

Bible 

book 

888 

224 

115 

102 

religion 

80 

4 

day 

71 

0 

holy 
God 

57 

68 

round 

61 

82 

43 

124 

read 

31 

116 

46. 

Soldier 

man 

180 

95 

army 

187 

63 

62. 

Sheep 

animal 

225 

117 

war 

•4 

208 

lamb 

151 

70 

fight 

17 

160 

wool 

148 

411 

47. 

Cabbage 

vegetable 

8M 

140 

63. 

Bath 

•water 

880 

205 

plant 

48 

27 

clean 

120 

102 

green 

44 

21 

cleanliness 

160 

1 

eat 

30 

103 

wash 

102 

148 

leaves 

11 

62 

64. 

CotUge 

house 

461 

426 

48. 

Hard 

soft 

stone 

wood 

867 

102 

66 

65 
118 

30 

home 

country 

lake 

85 

86 

5 

101 

6 

117 

rock 
work 

38 
19 

02 

80 

65. 

Swift 

fast 
slow 

222 
100 

801 

28 

49. 

Eagle 

bird 

fly 

flying 
wings 

568 
46 
23 

16- 

878 
120 

10 
40 

quick 

run 

horse 

117 

19 
28 

10 
202 
124 

66. 

Blue 

color 

256 

818 

50. 

Stomach 

food 

102 

82 

»ky 

280 

102 

body 

organ 

ache 

00 
81 

78 
0 

green 
dress 

64 
18 

1 
178 

31 

180 

eat 

45 

168 

67. 

Hungry 

food 

186 

66 

sick 

10 

85 

eat 

eating 

bread 

126 
64 

887 

5 

51. 

Stem 

flower 

250 

867 

26 

178 

leaf 

06 

11 

plant 
flowers 

74 

25 

68. 

Priest 

minister 

178 

168 

7 

80 

church 

166 

271 

long 

18 

60 

clergyman 
Catholic 

62 

36 

0 
111 

52. 

Lamp 

T 

650 

648 

40 

38 

69. 

Ocean 

water 

427 

418 

chimney 

87 

18 

deep 

87 

23 

burn 

20 

70 

sea 

76 

88 

gUss 

8 

60 

waves 

45 

88 

53. 

Dream 

sleep 

880 

272 

70. 

Head 

hair 

150 

208 

vision 

48 

4 

body 

146 

26 

b"^ 

42 

200 

foot 

64 

0 

11 

78 

brains 

32 

187 

eyes 

10 

01 

54. 

Yellow 

color 

801 

820 

white 

70 

5 

71. 

Stove 

fire 

217 

164 

orange 

47 

81 

heat 

218 

117 

dress 

9 

120 

hot 

86 

260 

flower 

38 

105 

warm 

32 

127 
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The  preceding  table  shows  in  a  striking  manner  how  dis- 
similar are  responses  given  by  children  from  those  given  by 
adults.  Only  for  39%  of  the  stimulus  words  is  the  most  fre- 
quent response  the  same  for  both  adults  and  children.  Only  for 
five  stimulus  words  are  the  three  most  frequent  adult  responses 
also  the  three  most  frequent  child  responses.  These  stimulus 
words,  with  their  responses,  are  sheep  (animal,  lamb,  wool), 
thirsty  (water,  dry,  drink),  thief  (steal,  robber,  burglar),  scis- 
sors (cut,  sharp,  cutting)  and  blossom  (flower,  flowers,  apple). 

It  may  be  observed  that  the  response  given  most  frequently  by 
the  adults  is  less  apt  to  be  one  of  the  three  most  frequent  child- 
ren's responses  than  is  a  response  given  most  frequently  by  the 
children  to  be  one  of  the  three  most  frequent  of  the  adults' 
responses.  The  favorite  adult  reaction  is  one  of  the  three  most 
frequent  of  the  children's  in  59  per  cent  of  the  cases,  while  the 
children's  favorite  reaction  is  one  of  the  adults'  three  mo.t  fre- 
quent in  74  per  cent  of  the  cases.  Now  it  is  shown  in  Chapter 
VIII  that  there  are  more  adult  responses  not  given  by  children 
than  there  are  children's  responses  not  given  by  adults.  We  may 
consequently  conclude  that  the  adult  responses  differ  from  child- 
ren's not  so  much  because  of  the  dropping  off  of  the  children's 
responses  as  by  the  occurrence  of  additional  responses.  Of  course 
the  occurrence  of  additional  responses  causes  a  decrease  in  the 
percentage  of  the  child  responses  given  by  adults.  The  range 
of  adult  responses  is,  however,  broader  than  that  of  the  child- 
ren's. The  adults  retain  what  the  children  have  and  acquire  much 
more  besides. 

It  is  of  interest  to  note,  further,  how  the  absolute  frequencies 
of  the  three  preferred  reactions  of  adults  and  children  compare 
with  each  other.  The  average  frequency  of  the  favorite  adult 
reaction  is  264  (median  252),  of  the  favorite  children's  reaction 
270  (median  251).  The  number  of  adults'  frequencies  over  400 
is  7,  and  of  children's,  16.  The  number  of  adult  frequencies 
over  300  is  34,  and  of  children's,  36.  The  percentage  of  the 
entire  90,000  responses  included  by  the  three  most  frequent 
words  is,  for  adults,  46%  and  for  children,  48%.  It  is  evident, 
then,  that,  with  the  list  of  stimulus  words  here  used,  there  is  not 
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much  difference  between  children  and  adults  in  the  average  fre- 
quency of  the  favorite  reaction.  This  result  is  very  interesting 
when  compared,  with  the  findings  of  Saling,  Reinhold  and 
Rjbmer.* 

1  See  Chap.  II,  pp.  10-13  and  20-21. 


Digitized  by 


Google 


CHAPTER  VIII 

Individual  Responses  and  Total  Number 
OF  Response  Words 

The  tendency  of  children,  as  compared  with  adults,  to  give 
individual  responses  has  not  hitherto  been  properly  set  forth.  We 
will  show  that  previous  experimenters  have  not  succeeded  in 
reaching  a  general  answer  to  the  question  whether  children  give 
more  individual  responses  than  adults.  With  the  list  of  stimulus 
words  we  have  used,  children  give  decidedly  fewer  individual  as- 
sociations than  adults. 

A  great  deal  of  misunderstanding  must  exist  regarding  this 
matter,  as  nearly  all  experimenters  (Ziehen,  Wreschner,  Saling, 
Reinhold  and  the  Rosanoffs)  have  been  cited  to  the  effect  that 
children  give  distinctly  fewer  common  associations  (and  hence 
more  individual  association)  than  adults.^  That  the  work  of 
these  experimenters  has  been  incorrectly  interpreted,  we  believe 
can  be  easily  pointed  out. 

In  the  first  place,  Ziehen  did  not  draw  any  conclusion  concern- 
ing common  and  individual  associations.  He  could  not,  because 
to  do  so  requires  frequency  tables,  and  Ziehen  had  no  frequency 
tables.  It  is  true  that  Ziehen  concluded  that  the  commonest  ef- 
fect of  the  stimulus  word  in  children  is  to  call  up  an  individual 
representation  (Individualvorstellung).  But  the  term,  individ- 
ual, as  here  used  by  Ziehen,  is  far  from  meaning  an  association 
not  given  by  others.  It  means  a  concrete  image  as  contrasted 
with  a  general  idea. 

Considering  next  the  work  of  Wreschner,  we  have  simply  to 
observe  that  conclusions  concerning  the  tendency  of  children  to 
give  individual  associations,  a  matter  which  has  to  be  determined 
statistically,  can  not  very  safely  be  drawn  from  an  investigation 
employing  but  2  subjects,  both  under  6  years  of  age. 

1  See  Whipple  G.  M.,  'Manual  of  Physical  and  Mental  Tests/  2d  Ed.,  Part 
II,  191S,  p.  60. 
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Saling  did  not  consider  the  matter  of  individual  associations, 
but  made  merely  a  comparison  of  children  and  adults  with  re- 
spect to  the  frequency  of  the  favorite,  or  most  frequent,  reaction.* 

Reinhold,  like  Saling,  did  not  consider  the  matter  of  individual 
associations,  but  merely  the  variation  with  age  in  the  average  fre- 
quency of  the  favorite  response.  On  this  point  his  data  arc 
materially  different  from  those  of  Saling.*  If  it  be  said  that 
these  investigators  show  that  the  most  frequent  reaction  has  a 
higher  frequency  with  adults  than  with  children,  and  that  conse- 
quently children  must  be  supposed  to  give  a  larger  number  of 
individual  associations,  we  can  only  ask,  who  has  shown  this? 
Our  own  data,  and,  on  this  point,  there  are  no  other  at  hand, 
show  no  such  relation  between  the  frequency  of  preferred  re- 
sponses and  the  total  number  of  responses.  We  find  the  average 
frequency  of  the  most  frequent  response  to  be  very  nearly  the 
same  in  both  children  and  adults  whereas  we  find  that  adults  give 
a  decidedly  larger  number  of  individual  associations. 

We  come,  lastly,  to  the  investigation  made  by  the  Rosanoffs. 
What  the  Rosanoffs  actually  showed  is  that  younger  children 
give  a  larger  percentage  of  responses  not  found  in  the  Kent- 
Rosanoff  adult  tables  than  do  the  older  children.  This  conclu- 
sion should  not  be  misleadingly  stated  by  saying  simply  that 
children  give  more  individual  associations  than  adults.  That 
children  would  give  adult  responses  less  often  than  adults  seems 
clear.  When,  however,  one  says  that  children  give  more  indi- 
vidual associations  than  adults,  he  implies  that  they  give  more 
responses  with  a  frequency  of  only  one.  This  is  not  the  case, 
as  will  be  seen  below. 

In  order,  now,  to  show  the  tendency  of  children,  as  compared 
with  adults,  to  give  individual  associations,  we  give  merely  the 
number  of  associations  in  both  the  children  and  adult  tables 
with  a  frequency  of  one.  With  children,  we  take  as  individual 
responses,  those  which  have  a  frequency  of  only  one  in  our 
children's  (written)  frequency  tables.  With  adults,  we  take  as 
individual  responses,  those  with  a  frequency  of  one  in  the  Kent- 
RosanofT  tables.    This  means  we  follow  the  same  procedure  with 

«See  Chapter  II,  p.   lO,   ii. 
3  See  Chapter  JI,  p.   13. 
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both  children  and  adults  that  Kent  and  Rosanoff  do  in  the  case 
of  adults.  We  shall  not,  however,  make  any  distinction  between 
'doubtful**  reactions  and  individual  reactions.  We  define  as  an 
individual  association,  then,  any  response  occurring  only  once  in 
a  frequency  table  of  i,ooo  responses.  This  is  a  technical  defini- 
tion. Broadly  speaking,  we  regard  as  an  individual  association 
any  association  not  commonly  given  by  persons  of  the  class 
in  question.  In  order  to  get  figures,  it  is  necessary  to  agree  on 
some  standard  for  determining  whether  an  association  is  com- 
monly given.  We  arbitrarily  agree  to  call  uncommon  an  asso- 
ciation found  only  once  in  a  thousand  cases. 

The  figures  on  individual  associations,  as  defined  above,  for 
both  adults  and  children,  are  given  in  the  accompanying  table. 


Stimulus 

1.  Table 

2.  Dark 

3.  Music 

4.  Sickness 

5.  Man 

6.  Deep 

7.  Soft 

8.  Eating 

9.  Mountain 

10.  House 

11.  Black 

14.  (Hand 

15.  Short 

16.  Fruit 

17.  Butterfly 

18.  Smooth 

20.  Chair 

21.  Sweet 

22.  Whistle 

23.  Woman 

24.  Cold 

25.  Slow 

26.  Wish 

27.  River 

28.  White 

29.  Beautiful 

30.  Wtddoir 

31.  Rough 

33.  Foot 

34.  Spider 

35.  Needle 

36.  Red 

37.  Sleep 

38.  Anger 

39.  Carpet 
40.    Girl 

41.  High 

42.  Working 

43.  Sour 

44.  Earth 

46.  Soldier 

47.  Cabbage 

48.  Hard 

49.  Eagle 

50.  Stomach 


Individual  Responses,  Ninety  Stimulus  Words 

Stimulus         Children        Adults 

51.  Stem 

52.  Lamp 

53.  Dream 

54.  Yeflow 

55.  Bread 

57.  Boy 

58.  Light 
60.  Bible 

62.  Sheep 

63.  Bath 

64.  Cottage 

65.  Swift 

66.  Blue 

67.  Hungry 

68.  Priest 

69.  Ocean 

70.  Head 

71.  Stove 

72.  Long 

74.  Whiskey 

75.  Child 

77.  Hammer 

78.  Thirsty 

79.  City 

80.  Square 

81.  Butter 

82.  Doctor 

83.  Loud 

84.  Thief 

85.  Lion 

86.  Toy 

87.  Red 

88.  Heavy 

89.  Tobacco 

90.  Baby 

91.  Moon 

92.  Scissors 

93.  Quiet 

94.  Green 

95.  Salt 

96.  Street 

97.  King 

98.  Cheese 

99.  Blossom 

100.  Afraid 


Children 

Adults 

49 

66 

50 

70 

45 

92 

54 

81 

59 

111 

49 

70 

64 

79 

46 

82 

S2 

82 

55 

96 

49 

62 

65 

80 

75 

101 

23 

61 

29 

77 

41 

91 

24 

54 

35 

55 

45 

84 

54 

89 

51 

70 

30 

131 

44 

144 

23 

75 

76 

79 

33 

109 

48 

52 

68 

121 

68 

69 

56 

77 

24 

35 

65 

70 

67 

71 

68 

175 

56 

62 

55 

104 

72 

61 

70 

122 

53 

50 

59 

80 

48 

88 

36 

58 

67 

93 

49 

53 

70 

84 

69 

57 

37 

39 

77 

117 

66 

79 

46 

52 

85 

105 

62 

84 

38 

63 

64 

62 

39 

46 

48 

75 

51 

77 

64 

65 

87 

92 

54 

91 

40 

58 

62 

84 

30 

44 

95 

116 

41 

94 

7Z 

91 

46 

51 

28 

47 

53 

78 

67 

105 

32 

48 

39 

98 

72 

75 

50 

98 

48 

81 

47 

104 

31 

54 

63 

100 

32 

70 

54 

85 

33 

58 

23 

49 

53 

100 

58 

65 

60 

80 

62 

89 

84 

72 

32 

75 

69 

57 

39 

52 

49 

124 

*  Kent  and  Rosanoff  classify  as  'doubtful'  any  response  which  occurs  only 
once,  hut  it  is  a  grammatical  variant  of  some  other  obtained  response. 
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Summary 

Children  Adults 

Total  number   4,702  7.I7I 

Per    Cent    of   tU    Responses S.2  8.0 

Ay.  per  Stim.  Word  52  80 

Medun  per   Stim,   Word    50  79 

In  the  case  of  only  five  words,  does  the  number  of  individual 
responses  given  by  the  children  exceed  that  given  by  the  adults. 
These  five  words  are  high,  sour,  stem,  sheep,  and  king.  The 
largest  number  of  individual  responses  given  by  the  children  is 
95,  to  the  word  long.  The  largest  number  given  by  the  adults 
is  175,  to  anger.  The  adults  give  over  95  individual  responses  to 
each  of  20  words.  For  92  per  cent  of  the  words,  the  nimiber 
of  individual  responses  for  the  adults  exceeds  the  median  nimiber 
for  the  children.  It  is  dear,  then,  that  children  give  decidedly 
fewer  individual  associations  than  adults. 

Besides  the  percentage  of  individual  responses,  that  is,  of  re- 
sponses of  a  frequency  of  one,  it  is  of  interest  to  note  the  per- 
centage of  responses  of  other  frequencies.  This  is  shown  in  the 
following  table,  which  gives  the  percentage  of  the  total  number  of 
responses,  made  up  by  responses  of  various  specified  frequencies. 

Percentages  (of  all  Responses)  Composed  by  Responses  of  Various 

Freouencies 

Frequency  Percentage  of  all  Responses 

Children  Adatts 

1  5.2  8.0 

2—9      ind  12.4  13.6 

10>-99       "  39.3  37.7 

100—199     *'  16.8  16.0 

aOO— 299     "  10.1  10.7 

300—399     ••  7,7  10.2 

400  or  over  8.S  3.8 

In  this  connection,  it  is  interesting  to  note  that  adults  give 
more  of  the  children*s  responses  than  do  children  of  the  adults' 
responses.  To  show  this,  we  have  determined,  first,  the  number 
of  responses  given  by  adults  not  occurring  in  our  children's  fre- 
quency tables  (written  responses)  and,  second,  the  number  of 
responses  given  by  children  not  occurring  in  the  Kent-RosanofF 
tables.  The  adults  give  8,847  words  which  do  not  occur  in  our 
children's  frequency  tables.  These  words  have  a  combined  or 
total  frequency  of  19,742.  The  children,  on  the  other  hand,  give 
only  5,253  words  not  occurring  in  the  Kent-Rosanoff  tables. 
The  total  frequency  of  these  words  is  12,510.  These  results  are 
in  accord  with  the  general  fact,  already  noted  in  another  con- 


Digitized  by 


Google 


CHILDREN'S  ASSOCIATION  FREQUENCY  TABLES 


103 


nection,*  that  the  adults  tend  to  keep  the  children's  responses, 
while  acquiring  new  ones.  This  is  what  we  should  expect,  since 
evidently  all  the  children's  responses  are  responses  which  adults 
could  give  and  would  give  occasionally,  whereas  a  great  many  of 
the  adult  responses  involve  associations  that  are  hardly  possible 
for  the  child,  if  for  no  other  reason,  on  account  of  his  limited  ex- 
perience and  speech  endowment.  The  adults'  experience  includes 
the  child's  experience. 

Lastly,  we  may  consider  the  total  number  of  different  response 
words  given.    The  data  are  given  in  the  accompanying  table. 


Total  Number  of  Response  Words,  Ninety  Stimulus  Words 


Stimulus 

1.  Table 

2.  Dark 

3.  Music 

4.  Sickness 

5.  Man 

6.  Deep 

7.  Soft 

8.  Eating 

9.  Mountain 

10.  House 

11.  Black 

14.  Hand 

15.  Short 

16.  Fruit 

17.  Butterfly 

18.  Smooth 

20.  Chair 

21.  Sweet 

22.  Wbistle 

23.  Woman 

24.  Cold 

25.  Slow 

26.  Wish 

27.  River 

28.  White 

29.  Beautiful 

30.  Window 
II.  Rough 

33.  Foot 

34.  Spider 

35.  Needle 

36.  Red 

37.  Sleep 

38.  Anger 

39.  Carpet 

40.  Girl 

41.  High 

42.  Working 

43.  Sour 

44.  Earth 

46.  Soldier 

47.  Cabbage 

48.  Hard 

49.  Eagle 

50.  Stomach 


Children 

Adults 

104 

124 

104 

114 

84 

172 

123 

145 

150 

169 

112 

119 

163 

155 

127 

168 

103 

142 

144 

184 

112 

109 

148 

146 

138 

159 

70 

123 

81 

145 

116 

157 

77 

107 

82 

95 

114 

151 

129 

163 

118 

123 

128 

204 

106 

232 

73 

127 

125 

135 

110 

182 

88 

102 

156 

201 

112 

127 

105 

126 

61 

72 

112 

138 

105 

129 

99 

281 

106 

135 

123 

169 

130 

120 

127 

221 

89 

91 

109 

162 

91 

159 

80 

126 

110 

156 

89 

109 

123 

162 

Stimulus 

51.  Stem 

52.  Lamp 

53.  Dream 

54.  Yellow 

55.  Bread 
$7.  Boy 
58.  Liglit 
60.  Bible 

62.  Sheep 

63.  Bath 

64.  Cottage 

65.  Swift 

66.  Blue 

67.  Hungry 

68.  Priest 

69.  Ocean 

70.  Head 

71.  Stove 

72.  Long 

74.  Whiskey 

75.  Child 

77.  Hammer 

78.  Tbirsty 

79.  City 

80.  Square 

81.  Butter 

82.  Doctor 

83.  Loud 

84.  Thief 

85.  Lion 


86. 

«7. 

fia 

88. 

Heavy 

89. 

Tobacco 

90. 

Baby 

91. 

Moon 

92. 

Scissors 

93. 

Quiet 
Green 

94. 

95. 

Salt 

96. 

Street 

97. 

King 

98. 

Cheese 

99. 

Blossom 

100. 

.  Afraid 

Children 

103 

63 

125 

104 

83 

159 

117 

91 

106 

71 

80 

89 

108 

136 

92 

69 

115 

57 

178 

71 

115 

76 

52 

109 

122 

58 

68 

115 

86 

93 

88 

72 

109 

64 

104 

75 

36 

96 

96 

107 

119 

135 

60 

63 

92 


Adults 
120 

78 
185 
149 
104 
174 
142 
128 
110 

93 
142 
127 
116 
173 
161 
110 
163 

91 
178 
152 
162 
109 

86 
131 
195 
101 
151 
140 
170 
137 
172 
112 
158 
122 
150 
110 
181 
167 
122 
146 
163 
120 
146 

99 
189 


Summary 

Children  Adults 

Total   Number    9,183  12.871 

Average  per  Stimulus  Word   102  143 

Median      "           »*            "    105  142 

»  See  Chapter  VII,  p.  97. 
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The  total  number  of  response  words  is  greater  with  adults  in 
the  case  of  all  but  6  stimulus  words.  These  6  stimulus  words 
are  soft,  block,  hand,  high,  long  and  king.  They  each  have  an 
opposite  or  coordinate  similar  to  an  opposite  (as  hand^-^—foot 
and  king, — queen)  which,  in  accordance  with  the  general  rule, 
absorbs  a  much  larger  portion  of  the  adults'  responses  than  of  the 
children's.  The  largest  array  of  responses  given  by  the  chil- 
dren occurs  with  the  word  long,  to  which  they  give  178  responses, 
whereas  the  adults  give  as  high  as  281  responses  to  the  word 
anger,  and  give  over  200  responses  to  each  5  words.  For  89  per 
cent  of  the  stimulus  words,  the  number  of  responses  given  by  the 
adults  is  larger  than  the  median  number  given  by  the  children. 
Of  the  12,871  adults'  response  words,  8,847,  or  69  per  cent,  are 
not  given  by  the  children;  while  of  the  9,183  children's  response 
words,  5,253,  or  57  per  cent,  are  not  given  by  adults. 
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CHAPTER  IX 

Comparison  of  Oral  and  Written  Responses 

Since  the  Kent-Rosanoff  data  were  obtained  orally,  while  ours 
were  obtained  in  writing,  it  seemed  desirable  to  check  up  our 
data  with  results  obtained  orally.  This  we  did,  as  already  ex- 
plained, in  the  case  of  the  first  9  words.  We  find  that  the  writ- 
ten and  oral  results,  taken  as  a  whole,  are  essentially  similar. 
Since  the  9  words  used  constitute  a  fair  sample  of  the  whole  list, 
it  may  be  presumed  that  our  results  are  valid  no  matter  which 
method  is  used. 

In  the  preceding  chapters,  we  have  drawn  conclusions  con- 
cerning the  differences  between  children  and  adults  on  the  fol- 
lowing points : 

1.  The  frequencies  of  various  association  types. 

2.  Preferred  reactions  and  their  frequencies. 

3.  Individual  responses  and  the  total  number  of  response 
words. 

We  shall  proceed  to  compare,  on  each  of  these  points,  the  re- 
sponses obtained  orally  and  those  obtained  in  writing.  By  put- 
ting the  Kent-Rosanoff  data  on  adults  alongside  our  data  on 
children,  we  will  show  that  every  conclusion  we  have  drawn 
holds  for  the  children's  oral  responses  as  well  as  for  their 
written  ones. 

I.  The  Frequency  of  Various  Association  Types. — ^We  give 
below  the  total  number  of  associations  of  each  type  obtained  in 
response  to  the  first  9  stimulus  words.  In  the  first  column,  is 
given  the  number  of  children's  written  responses,  in  the  second, 
the  number  of  children's  oral  responses  and  in  the  third,  the 
number  of  adults'  responses.  That  the  9  words  here  considered 
are  fairly  representative  of  the  total  results,  is  shown  by  the  fact 
that  for  most  types  the  ratios  between  children  and  adults  are 
roughly  the  same  for  the  9  words  as  for  the  total  results. 
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Total  pREQUENaES  of  Vawous  Association  Types 
Nine  Stimulus  Words 


Preferred 

by 

Adults 


Preferred 
Children 


Equally 

Frequent 

in  Both 

Groups 


Associatioii 

Chtklren 

Adults 

Type 

Written 

Oral 

(Oral) 

Contrast 

143 

282 

1.680 

Noun-Abst  Att. 

IS 

0 

73 

PaftWhole 

0 

0 

0 

Saperordination 

96 

102 

352 

Pai^ciples 

93 

133 

360 

271 

356 

564 

^  Cause-Effect 

136 

138 

313 

r  Verbs 

1.037 

1,058 

136 

Verb-Object 
Noun-Adj. 

463 

453 

296 

838 

818 

420 

Adj.-N«un 

1,093 

1,075 

715 

Contiguity 

1,381 

1,281 

581 

WholePart 

203 

211 

158 

Subordination 

533 

415 

333 

Pronouns 

30 

35 

1 

Sound  Similartty. 

86 

76 

4 

105 

100 

109 

r  Similarity 

360 

406 

563 

Effect-Cause 

44 

39 

91 

Material 

33 

26 

78 

Non-specific 
Miscellaneous 

748 

15 

737 
10 

595 

1 

The  agreement  between  the  children's  oral  data  and  their 
written  data  is  so  close  that  there  can  be  little  question  but  that 
all  our  conclusions  would  hold  as  well  for  the  one  as  for  the  other. 
It  is  interesting  to  note,  however,  that  orally  the  children  give 
nearly  twice  as  many  associations  by  contrast  and  also  more 
coordinates  and  more  participles  than  they  do  in  writing.  They 
seem,  further,  to  give  fewer  subordinates  and  fewer  associations 
of  the  class  verb-object  These  differences  may  not  be  reliable, 
but  they  seem  sufficiently  marked  to  suggest  that  somehow  they 
are  correlated  with  the  difference  in  method.  Just  why  children 
should  give  opposites  orally  more  frequently  than  in  writing  is 
hard  to  say.  It  can  hardly  be  due  to  any  difficulty  in  writing, 
since  many  words  which  are  written  infrequently  as  opposites 
are  written  very  frequently  when  they  form  associations  of  some 
type  more  characteristic  of  children.  This  whole  matter  of  the 
difference  between  the  mental  attitudes  in  writing  and  speaking 
should  be  made  the  object  of  a  special  investigation.  The  results 
here  obtained  suggest  one  method. 

2.  Preferred  Reactions  and  Their  Frequencies. — In  the  adjoin- 
ing table,  will  be  found  the  three  most  common  reactions  for 
each  of  the  nine  stimulus  words  used  orally. 
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Three  Most  Frequent  Responses 


Stimulus 
Table 


2.    Dark 


3.    Music 


4.    Sickness 


5.    Man 


6.    Deep 


7.    Soft 


8.    Eating 


9.    Mountain 


WIritten 
358  eat 
126  dishes 
70  legs 

421  night 
80  black 
57  see 

198  piano 
153  sing 
79  sweet 

116  doctor 
105  bed 
95  ill 

168  work 
82  hat 
45  person 

257  hole 
145  water 
87  well 

138  pillow 
57  bed 
57  cotton 

178  bread 

108  Uble 

S4  food 

390  high 
91  hill 
61  snow 


Children 


Oral 
331  eat 

115  dishes 

56  kgs 

410  night 
100  black 
98  light 

236  sing 
166  piano 
66  notes 

131  bed 

116  doctor 
94  ill 

153  work 
68  hat 

57  big 

244  hole 

162  water 

76  well 

122  pillow 
71  cushion 
65  cotton 

152  bread 
113  Uble 

103  food 

432  high 

104  hill 


Adults 

(Oral) 

267  chair 

76  wood 

75  furniture 

427  light 
221  night 

76  bUck 

180  piano 
95  sound 
68  song 

142  health 

115  death 

71  illness 

394  woman 
99  male 
44  boy 

180  shallow 

134  water 

93  ocean 

365  hard 
53  pillow 
34  easy 

170  food  , 
166  drinking 
46  bread 

246  high 
184  hill 
90  valley 


50  climb 

The  table  shows  that  the  dissimilarity  between  the  preferred 
responses  of  children  and  adults  is  as  striking  with  the  children's 
oral  responses  as  with  their  written.  The  average  frequency  of 
the  children's  most  frequent  response  is  246  with  the  oral  data, 
and  247  with  the  written  data.  The  total  frequency  for  the  three 
preferred  responses  for  all  nine  stimulus  words  is  3,891  with  the 
children's  oral  results,  and  3,776  with  the  written.  With  such 
close  agreement  between  the  oral  and  written  data  in  the  pre- 
ferred responses  and  their  frequencies,  it  is  clear  that  any  con- 
clusions on  these  points  hold  equally  well  for  oral  and  for  written 
data. 

3.  Individual  Responses  and  Total  Number  of  Response 
Words. — ^The  total  number  of  response  words  given  to  a  stimu- 
lus word  is,  on  the  average,  exactly  the  same  for  the  written  and 
for  the  oral  data,  and  the  number  of  individual  responses  is 
nearly  the  same.  Our  conclusion  that  adults  give  more  in- 
dividual responses  and  also  a  larger  total  number  of  response 
words  than  children  evidently  holds  for  the  oral  data  as  well  as 
for  the  written.    The  figures  are  as  follows : 
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Number  op  Individual  Responses  Total  Number  op  Response  Words 


StiBOlUt 

Chttdrca 

Adtilts 

Ouldxcn 

Adults 

Woc4 

Writteo 

Ofal 

(Ond) 

Written 

Oial 

(Oral) 

1.  Tabic 

49 

47 

66 

104 

103 

124 

a.  Dtfk 

50 

59 

70 

104 

113 

114 

J.  Mink 

45 

47 

92 

84 

102 

172 

4.  SkfcncM 

54 

53 

81 

123 

110 

145 

S.  ICu 

59 

75 

111 

150 

161 

169 

C  Dmp 

49 

57 

70 

112 

107 

119 

7.  Soft 

64 

77 

79 

163 

160 

155 

t.  Etti^ 

4tf 

39 

82 

127 

112 

168 

9.  Moaatain 

52 
468 

51 
505 

82 
733 

103 

100 

142 

Total  NiuBber 

1,070 

1,068 

UOB 

At.  per  Stinmltif  Word   S2 

56 

81 

119 

119 

145 
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CHAPTER  X 
General  Summary 

The  present  work  contains  children's  association  frequency 
tables  for  each  of  lOO  stimulus  words.  The  tables  are  composed 
of  the  responses  of  i,ooo  Minneapolis  school  children,  from  9  to 
12  years  of  age  inclusive,  all  in  the  fourth  and  fifth  grades. 

The  list  of  stimulus  words  contains  90  words  of  the  Kent- 
Rosanoff  list.  A  comparison  is  made  in  the  case  of  these  90 
words  between  the  children's  associations  and  the  associations 
of  adults  as  shown  by  the  Kent-Rosanoff  tables. 

The  chief  points  established  by  this  comparison  may  be  stated 
as  follows: 

1.  In  general,  children's  associations  differ  enormously 
from  those  of  adults. 

2.  Marked  differences  exist  between  children  and  adults  in 
the  frequency  of  various  types  of  association.  The  types  which 
occur  more  frequently  with  adults  than  with  children  are  the 
following:  contrast,  superordination,  coordination,  part-whole, 
noun-abstract  attribute,  participles  and  cause-effect.  The  types 
which  occur  more  frequently  in  children  than  adults  are  the 
following :  verbs,  verb-object,  noun-adjective,  adjective-noun, 
pronouns,  sound  similarity,  contiguity,  whole-part  and,  less  def- 
initely, subordination  and  word-compounding.  No  reliable  dif- 
ference was  found  between  the  groups  witih  respect  to  the  fol- 
lowing types:  similarity  (in  meaning),  material,  effect-cause, 
non-specific  reactions  and  a  miscellaneous  group.  The  results 
concerning  associations  of  the  class,  effect-cause,  are  not  regarded 
as  very  reliable. 

3.  With  only  39  per  cent  of  the  stimulus  words,  is  the  most 
frequent  response  the  same  for  both  children  and  adults.  Only 
with  five  words,  are  the  three  most  frequent  responses  the  same 
for  both  children  and  adults. 

4.  The  frequency  of  the  favorite,  or  most  frequent  response, 
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is  about  the  same  for  both  groups,  as  is  also  that  of  the  three 
most  frequent  responses.  Thus  the  medium  frequency  of  the 
favorite  response  is  251  for  children  and  252  for  adults,  while 
the  percentage  of  all  responses  included  by  the  three  preferred 
respctfises  is  48  for  children  and  46  for  adults. 

5.  Children  give  fewer  individual  responses  than  adults.  De- 
fining as  individual  responses,  those  with  a  frequency  of  only 
one  in  the  frequency  tables,  it  may  be  said  that,  on  the  average, 
children  give  only  fifty-two  individual  responses  to  a  stimulus 
word,  whereas  aduks  give  eighty. 

6.  The  number  of  different  words  given  in  response  to  any 
stimulus  word  is  less  with  children  than  with  adults,  being,  on 
the  average,  102  with  children  and  143  with  adults. 

7.  The  adults  give  more  of  the  children's  response  words  than 
the  children  do  of  the  adults'.  Thus,  the  adults  give  8,847  words 
not  given  by  the  children.  These  words  have  a  combined  fre- 
quency of  19,742.  The  children,  on  the  other  hand,  give  <Hily 
5,253  words  not  given  by  the  adults.  Their  combined  frequency 
is  12,510.  Moreover,  in  the  case  of  any  stimulus  word,  the 
children's  favorite  response  is  more  apt  to  be  given  frequently 
by  adults  than  is  the  adults'  favorite  response  to  be  given  fre- 
quently by  children.  Thus,  the  favorite  adult  response  is  one 
of  the  children's  three  most  frequent  in  59  per  cent  of  the  cases 
while  the  children's  favorite  response  is  one  of  the  adult's  three 
most  frequent  in  74  per  cent. 

The  preceding  conclusions  have  general  validity  only  in  so  far 
as  the  list  of  stimulus  words  used  can  be  called  representative. 
They  are  not  dependent  upon  the  manner  in  which  the  responses 
are  given,  since  they  hold  as  well  for  oral  responses  as  for  writ- 
ten. They  hold  likewise  for  children  of  each  of  the  four  age 
groups  used,  since  the  differences  with  age  found  in  the  children 
is  slight  as  compared  with  the  differences  between  children  and 
adults. 
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